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NOMENCLATURE 


ALPT 


C 

CCTV 

Cc 


m 


DX 

H,h 

t 


M 

MACS 

MAT 


P 

PP 

PT.I 

PNS 

q 

r 

Re 

Reo 


R.. 

IN 


S 


Pitch  angle  of  the  overhead  probe  drive  ( V  direction) 
measured  from  the  tunnel  vertical  axis 

Flap  chord  length 

Closed  Circuit  television  system 

Skin  friction  coefficient, 

Pitching  moment  coefficient 

Normal  force  coefficient 

Diameter 

Computation  step  size 
Boundary  layer  trip  height 
Axial  distance  from  bicone-slice  juncture 
Mach  number 

Model  Attitude  Control  System 
Maneuvering  Aerothermal  Technology  Program 
Pressure 
Pitot  pressure 

Tunnel  stilling  chamber  (total)  pressure 
Parabolized  Navier  Stokes  flowfield  code 
Dynamic  pressure 
Radius 

Reynolds  number 

Local  Reynolds  number  with  viscosity  based  on 
freestream  total  temperature 

Nose  radius 

Curvilinear  surface  distance  from  model  nosetip 
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NOMENCLATURE  (CONT'D) 


s 

STot  ,  ST(TT) 

T 

TG 

TT,  T0 

TTL 

u 

X,Y»Z 

XF 

YF 

V 

ZP 


a 

6 

T 

5 

6* 


8 


Flap  semi-span 

Stanton  number  based  on  freestream  total  temperature 

Temperature 

Thermocouple  gage 

Total  temperature 

Local  total  temperature 

Velocity 

Model  axial,  lateral  and  vertical  coordinates 

Chordwise  distance  from  flap  leading  edge 

Spanwise  distance  from  flap  centerline 

Probe  travel  direction 

Height  of  Pitot  probe  above  model  surface 

(Z‘  direction  usually  normal  to  the  local  surface 

unless  otherwise  specified) 

Angle  of  attack 

Angl  e  of  sides!  ip 

Specific  heat  ratio 

Flap  deflection  angle 

Boundary  layer  displacement  thickness 

Thermal  boundary  layer  thickness 

Boundary  layer  kinetic  energy  thickness 

Boundary  layer  total  enthalpy  thickness 

Recovery  factor 

Boundary  layer  momentum  thickness 
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NOMENCLATURE  (CONT'D) 


ec 

Cone  half-angle 

p 

Density 

Tw 

Shear  stress  at  wall 

US 

Meridian  angle 

SUBSCRIPTS 

b 

Body 

c 

Corrected 

e 

Boundary  layer  edge 

L 

Local 

m 

Measured 

o,t 

Total 

REF 

Reference 

s 

Shock 

STAG 

Stagnation  point 

W 

Model  wall 

Oo 

Free -stream 

TABULATED  DATA  KEY 


A 

2 

Reference  area,  75.784  in. 

AATCA,  ctj 

Total  pitch  angle  sensed  by  the  Mach/Flow- 
Angularity  probe,  deg. 

AB 

Base  area, ?75. 784  in.  (no  slices)  or 

69.912  in.  (double  slice) 

ALPHA 

Angle  of  attack  deg 

ALPHA  SECTOR 

Pitch  angle  of  the  tunnel  sector,  positive 
nose  up,  deg 

ALPHAP 

Model  total  angle  of  attack  in  the  missile 
axis  system,  designated  as  positive  for 
nose  up  attitude,  deg 

ALP  I 

Indicated  pitch  angle,  deg 

ALPO 

Nominal  pitch  angle  of  the  Mach/Flow-Angularity 
probe  relative  to  the  p-obe  drive  (Z‘  axis), 
positive  rose  up,  deg 

ALPP 

Nominal  pitch  angle  of  the  Mach/Flow-Angularity 
probe  with  respect  to  the  vertical  (Tunnel  ZT 
axis),  [ALPT  +  ALPO],  deg 

ALPT 

Pitch  angle  that  the  overhead  probe  drive  makes 
(Z'  direction)  with  respect  to  the  vertical 
(Tunnel  ZT  axis),  deg 

APP,  AP(1  -  5), 

Pressure  stabilization  routine  slip  flow  coef¬ 

APRES,  APPU,  APW 

ficients  for  the  Pitot  tube,  Mach/Flow-Angularity 
probe,  Preston  tube,  upper  Pitot,  and  surface 
pressure  orifices,  respectively,  psia 

AW 

Speed  of  sound  based  on  TW,  ft/sec 

BETA 

Sideslip  angle,  deg 

CA 

Forebody  axial-force  coefficient,  body  axes,  CAT-1 

CAB 

Base  axial -force  coefficient,  body  axes, 
-AB(PBA-P)/Q*A 

CAT 

Total  axial -force  coefficient,  body  axes, 
total  axial  force/Q*A 
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ecu 

cow 

CFX 

CLL 

CLLW 

CLM 

CLMF 

CLMW 

CLN 

CLHW 

CLW 

CN 

CODE 

CONFIGURATION 

CPBA 

CPHI 

C.R. 

CY 

D 


Cross-wind  coefficient,  wind  axes 

Forebody  drag  coefficient,  wind  axes 

Skin  friction  coefficient,  [TAUX/Q] 

Rolling-moment  coefficient,  body  axes, 
rolling  moment/Q*A*LM 

Rolling-moment  coefficient  (based  on  CLMF), 
wind  axes 

Pitching-moment  coefficient,  body  axes, 
pitching  moment/Q-A*LM 

Forebody  pitching-moment  coefficient,  body 
axes,  CLM  +  CAB-ZB/LM 

Pitching-moment  coefficient  (based  on  CLMF), 
wind  axes 

Yawing-moment  coefficient,  body  axes,  yawing 
moment/Q*A*LM 

Yawing-moment  coefficient,  wind  axes 

Lift  coefficient  (based  on  CA),  wind  axes 

Normal -force  coefficient,  body  axes,  normal 
force/ Q* A 

Configuration  code  number 

Model  configuration  description  (10.5/7-DEG 
BICONIC/SS  +  DS)  where  SS  +  DS  *  single  slice 
and  double  slice 

Average  base  pressure  coefficient,  (PBA-P)/Q 

Local  radial  direction  of  the  flow  with  respect 
to  the  Mach/Flow-Angularity  probe,  deg 

Center  of  rotation,  axial  station  along  the 
tunnel  centerline  about  which  the  model  rotates, 
in. 

Side-force  coefficient,  body  axes,  side  force/Q*A 
Preston  tube  outside  diameter,  ft 
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DCAT 

DCLL 

OCLM 

DCLMF 

DCLN 

DCN 

DCY 

DEL 

DEL* 

DEL** 

DEL3 


Flap  differential  total  axial -force  coefficient, 
body  axes,  CAT(flap  on}  -  CAT  (flap  off) 

Flap  differential  rolling-moment  coefficient, 
body  axes,  CLL  (flap  on)  -  CLL  (flap  off) 

Flap  differential  pitching-moment  coefficient, 
body  axes,  CLM  (flap  on)  -  CLM  (flap  off) 

Flap  differential  forebody  pitching-moment 
coefficient,  body  axes,  CLMF  (flap  on)  - 
CLMF  (flap  Off) 

Flap  differential  yawing-moment  coefficient, 
body  axes,  CLN  (flap  on)  -  CLN  (flap  off) 

Flap  differential  normal -force  coefficient, 
body  axes,  CN  (flap  on)  -  CN  (flap  off) 

Flap  differential  side-force  coefficient, 
body  axes,  CY  (flap  on)  -  CY  (flap  off) 

Boundary-layer  thickness,  in. 

Boundary-layer  displacement  thickness,  in. 

Boundar-layer  momentum  thickness,  in. 

Boundary-layer  kinetic  energy  thickness,  in. 


DEL4  Boundary- layer  total  enthalpy  defect,  in. 

DEW  Free-stream  flow  frost  point,  °F 

DITTE  Enthalpy  difference  at  boundary-layer  edge 

IITTE  -  ITWX] ,  Btu/lbm 

DITTL  Local  enthalpy  difference  [ITTL  -  ITWX],  Btu/lbm 

DPSQP  Mach/Flow-Angularity  probe  nondimensionai  parameter, 

o  ,  0,5 

t(DP13r  +  (DP24)  j  / (2  •  P5) 

DP13  Differential  pressure  measurement  of  the  Mach/ 

Flow-Angularity  probe  in  the  pitch  plane  [P1-P3], 
psid 
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DP24 

OTAU 

DY 

ETA 


FLAP 


FRA 

FUN 

G 

G 

GAGE  NO 
H(TT) 

ITTE 

ITT 


Differential  pressure  measurement  of  the  Mach/ 
Flow-Angularity  probe  in  the  yaw  plane  [P2-P4J, 
psid 

Preston  tube  data  reduction  iteration  parameter, 
lb/ft2 

Latera1  movement  of  probe  assembly  during  Preston 
tube  surveys,  referenced  to  the  survey  station 
number,  same  sign  convention  as  YT,  in. 

Effective  total-temperature  probe  recovery  factor 
for  calibration  data: 

ETA  =  (TTLU  -  T )/ (TT-T) 

For  Survey  data: 

ETA  =  T.  A.  ✓RTfD’ 
i=0  1 

where  the  values  of  were  determined  for  each 
thermocouple  probe. 

Flap  deflection  angle  with  respect  to  model  center- 
line,  deg,  positive  down  at  PHI  =  0 

Preston  tube  data  reduction  parameter 

Preston  tube  data  reduction  parameter 

Preston  tube  data  reduction  parameter 

Preston  tube  data  reduction  parameter 

Identification  number  for  Gardon  gages 

Heat-transfer  coefficient,  [QDGT/(TT-TW}] , 
Btu/ft2-sec-°R 

Enthalpy  of  air  based  onTTE,  Btu/lbm 
Enthalpy  of  air  based  onTT,  Btu/lbm 
Enthalpy  of  air  based  on  TTL,  5tu/!bn 
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ITW 

Enthalpy  of  air  basedonTW,  Btu/lbm 

ITWX 

Enthalpy  of  air  based  on  TWX,  Btu/lbm 

KPP,  KPPU,  KPRES, 
KPW,  KP  (1-5) 

Coefficients  obtained  by  the  pressure  stabilization 
routine  for  Pitot  pressure,  upper  Pitot  pressure, 
Preston  tube  pressure,  surface  pressure  Mach/Flow- 
Angularity  pressures  l-*5.  1/psi-sec 

KNPP,  KNPPU, 
KNPRES,  KNPU, 

KNP  (1-5) 

Nominal  stabilization  coefficients,  evaluated  by 
an  examination’  of  the  calculated  coefficients  de¬ 
fined  above.  1/psi-sec 

(l/D)W 

Lift-to-drag  ratio  (based  on  CA),  wind  axes 

LM 

Model  reference  length,  in. 

M 

Free-stream  Mach  number 

ME 

Mach  nimber  at  boundary-layer  edge  (ML  at  DEL) 

ML 

Local  Mach  number,  from  Pitot  pressure  and  wall 
pressure  measurements 

MLC 

Local  Mach  number  inferred  by  the  Mach/Flow 
Angularity  probe 

MODEL- ROLL 

Model  roll  angle,  zero  for  single  slice  on  top 
and  positive  for  clockwise  rotation,  looking 
upstream,  deg 

MT 

Preston  tube  data  reduction  parameter 

MU 

Dynamic  viscosity  based  on  free-stream  temperature, 
lbf-sec/ft^ 

MUTE 

2 

Dynamic  viscosity  based  on  TE,  Ibf-sec/ft 

MUTL 

2 

Dynamic  viscosity  based  on  TL,  lbf-sec/ft 

MUW 

2 

Dynamic  viscosity  based  on  TW,  lbf-sec/ft 

MUTTL 

2 

Dynamic  viscosity  based  on  TTL,  lbf-sec/ft 

M2 

Local  Mach  number,  from  Preston  tube  and  wall 
pressure  measurements 
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NCP 


NOSE  RADIUS,  RH 
OMEGA 
ORIFICE 
P 

PAVG 

PAVGP5 

PAVGP5C 

PBA 
PBI 
PHI 
PHI  I 
PHIO 

PN 

PP,  P(  1-5) ,  PPRES, 
PPU,  PW 

PP1,  P(1-5)I, 

PPRES i,  PPui, 

PW1 


Normal -force  center-of-pressure  location,  body 
axes,  inches  from  model  nose,  XMRP-(CLM*LM/CN) 

Model  nose  radius,  in. 

Radial  position  of  gages  or  orifices,  deg 

Identification  number  of  the  pressure  orifices 

Free-stream  static  pressure,  psia 

Average  pressure  value  of  the  Mach/Flow-Angularity 
probe  "static  orifices"  {(PI  +  P2  +  P3  +  P4)/4], 
psia 


Ratio,  PAVG/P5 


PAVGP5  corrected  for  Reynolds  number  effects 


PAVGP5C  = 


PAVGP5RE  *  3.7 

pavgp5rel 


*  PAVGP5rel 


Average  base  pressure,  psia 
Base  pressure,  i  =  1  to  4,  psia 
Model  roll  angle,  deg 
Indicated  roll  angle,  deg 

Roll  alignment  of  the  Mach/Flow  Angularity  probe 
with  respect  to  the  tunnel  axis,  zero  for  orifice 
PI  on  top  and  positive  for  PI  rotated  clockwise 
looking  downstream,  deg 

Data  point  number 

Pressure  measurement  for  the  pitot  tube,  Mach/Flow 
Angularity  pressures,  Preston  tube,  upper  Pitot, 
and  surface  pressures,  respectively,  psia 

First  transducer  measurement  for  the  Pitot  probe, 
Mach/' Flow  angularity  pressures,  Preston  tube,  upper 
Pitot,  and  surface  pressures,  respectively,  psia 
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PPF,  P{ 1-5 ) F 
PPRESF,  PPUF, 
PWF 


PPE 


PPI 

PSIO 


PI 

PTAU 

PTM 

PTP 

PT2 

PW 

PMX 

Q 

QDOT 

RE 

REE 

REL 

RETD 

RETTE 


Final  transducer  measurement  for  the  Pitot  probe, 
Mach/Flow  angularity  pressures,  Preston  tube, 
upper  Pitot,  and  surface  pressures,  respectively, 
psia 

Pitot  probe  pressure  at  the  boundary- layer  edge 
(PP  at  ZP  =  DEI),  psia 

Pitot  probe  pressure  interpolated  to  ZT,  psia 

Yaw  alignment  of  the  Mach/ Flow  Angularity 
probe  with  respect  to  the  tunnel  axis,  positive 
for  the  probe  rotated  counter-clockwise  as  viewed 
from  above,  deg 

Tunnel  stilling  chamber  pressure,  psia 

Preston  tube  data  reduction  parameter 

Measured  tunnel  stilling  chamber  pressure,  psia 

Preston  tube  compressibility  parameter 

Free- stream  total  pressure  downstream  of  a  normal 
shock,  psia 

Model  surface  pressure,  psia 

Model  surface  pressure  at  the  location  of  the 
iiirvcy )  psia 

Free-stream  dynamic  pressure,  psia 

2 

Heat-transfer  rate  at  model  surface,  Btu/ft  -sec 

Free-stream  unit  Reynolds  number,  ft'1 

Unit  Reynolds  number  at  boundary-layer  edge  (REL 
at  ZP  =  DEL),  ft-1 

Local  unit  Reynolds  number,  ft'1 

Local  “normal  shock"  Reynolds  nun&er  based  on  total 
temperature  probe  reference  dimension  and  viscosity 
of  MUTTL 

"Normal  shock"  unit  Reynolds  number, at  boundary- 
layer  edge  (RETTL  at  ZP  =  DEL),  ft-1 
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RETTL 

RHO 

RHOE 

RHOL 

RHOUE 

RHOW 

RN 

RT 

RUN 

R2D 

S 

SLICES 

ST(TT) 


SURVEY  STATION 
NO 

T 

TAUX 

TOEL 

TE 


Local  "nomal  shock"  unit  Reynolds  number  (based 
on  viscosity  of  HUTTL),  ft-* 

3 

Free-stream  density,  lbm/ft 

Density  at  boundary-layer  edge  (RHOL  at  ZP  = 

DEL),  lbm/ft3 

Local  density,  lbm/ft 

Product  of  RHOE  and  UE,  Ibm/sec-ft^ 

Density  based  on  TW,  lbm/ft^ 

Model  nose  radius,  in. 

Preston  tube  data  reduction  parameter 

Data  set  identification  number 

Local  Reynolds  number,  based  on  Preston  tube  diameter 

Curvilinear  surface  distance  from  model  nosetip, 
in. 

Number  of  slices  on  bottom,  aft  portion  of  the  model 
Stanton  number  based  on  TT, 


ST(TT)  « 


QDOT  _ 

(RHO)  (V)  ( ITT-ITW) 


Location  of  the  survey,  corresponds  to  the  pressure 
orifice  number  above  which  the  survey  began 

Free-stream  static  temperature,  °R 

Wall  shear  stress  (Preston  tube),  lb/ft^ 

Delay  time  between  data  initiation  and  start  of  data 
recording,  sec 

Static  temperature  of  boundary-layer  edge  (TL  at 
ZP  =  DEL),  °R 
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Model  surface  temperature  corresponding  to  coax 
gage  “i",  °R 


Pitch  alignment  of  the  Mach/Flow-Angularity 
probe  with  respect  to  the  tunnel  axis  system, 
positive  for  probe  tip  rotated  up,  deg 

Local  static  temperature,  °R 

TNPP,  TNP(l-5),  Nominal  time  constant  for  the  Pitot  probe,  Mach/ 

TNPRES,  TNPPU,  Flow  Angularity  probe,  Preston  tube,  upper  Pitot 

TNPW  probe,  and  surface  pressure  measurement,  respec¬ 

tively,  seconds 

e.g.,  TNPP  =  — - - - ,  sec 

KNPP{2*PPF  +  APP) 

TREC  Elapsed  time  to  record  40  samples  of  pressure 

history  for  pressure  stabilization  routine, 
seconds 

TRIP  Boundary-layer  trip  identification 

TT  Tunnel  stilling  chamber  temperature,  °R 

TTE  Total  temperature  at  boundary-layer  edge  (TTL 

at  ZP  =  DEL),  or 

TTL  Local  total  temperature,  measured  by  an  unshielded 

thermocouple  probe  and  corrected  for  Reynolds 
number  effects,  °R 

TTL I  Local  total  temperature  interpolated  to  ZP,  °R 

TTLU  Uncorrected  {measured}  probe  total  temperature,  °R 

TW  Gardon  or  coax  gage  surface  temperature,  °R 

TWX  Temperature  of  coax  gage  nearest  the  survey  station, 

°R 

UE  Local  velocity  component  parallel  to  model  surface 

at  boundary-layer  edge  {UL  at  ZP  =  DEL),  ft/sec 


THETAO 

TL 
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Uf,  VF,  WF 

UL 


UM,  VH.  WM 
UP,  VP,  WP 
U2 

V 

VL 


X,  Y,  Z 
XF,  YF 
XMRP 

XT 

XT,  YT  ,  ZT 

YCP 

ze 


Local  velocity  vector  components  with  respect  to 
the  tunnel  axis  system,  ft/ sec 

Local  velocity  parallel  to  the  model  surface: 
computed  from  Pitot  pressure,  wall  static  pres¬ 
sure  and  total  temperature  measurements,  con¬ 
sidered  valid  near  the  model  {boundary  layer 
region),  ft/ sec 

Loci!  velocity  vector  components  with  respect  to 
th-  model  axis  system,  ft/sec 

Local  velocity  vector  components  with  respect 
to  the  Mach/Flow-Angularity  probe,  ft/sec 

Local  velocity  computed  from  Preston  tube  pressure, 
wall  static  pressure  and  wall  surface  temperature 
measurements,  ft/sec 

Free-stream  velocity,  ft/sec 

Local  total  velocity  at  the  Mach/Flow  Angularity 
probe,  ft/sec 

Model  instrumentation  locations 

Flap  instrumentation  locations 

Axial  distance  from  model  moment  reference  point 
to  model  virtual  apex,  in. 

Axial  distance  from  model  moment  reference  point 
to  balance  momement  reference  point,  in. 

Orthogonal  tunnel  axis  system  coo  dinates,  tabulated 
values  are  nominal  location  of  the  probe  during  cali¬ 
brations,  in. 

Side-force  center-of-pressure  location,  body  axes, 
inches  from  model  nose,  XMRP-(CLN*LM/CY) 

Vertical  distance  from  the  model  x-axis  to  the 
centroid  of  the  base  area,  positive  if  the  centroid 
is  below  the  x-axis  at  PHI  =  0,  0  (no  slices)  or 
-0.348  in.  (double  slice) 
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ZH 

Height  of  Mach/Flow-Angularity  probe  above  model 
surface  along  a  normal  line,  in. 

ZP 

Height  of  Pitot  probe  above  model  surface  along 
a  normal  line,  in. 

ZPU 

Height  of  upper  pitot  probe  above  model  surface 
along  a  normal  line,  in. 

ZT 

Height  of  total  temperature  probe  above  model 
surface  along  a  normal  line,  in. 

V 

Direction  of  the  probe  travel  along  the  V 

Drive  Shaft 
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1.0  INTRODUCTION 


Within  the  last  decade  significant  advances  have  been  made  in 
computer  architecture  and  in  the  complementary  development  of  large  scale 
computer  programs  for  solving  complex  non-linear  problems.  In  the  field 
of  fluid  dynamics,  computer  programs  have  been  developed  to  provide  de¬ 
tailed  properties  of  the  flow  field  surrounding  complex  aerodynamic  con¬ 
figurations.  In  addition,  during  this  past  decade,  energy  costs  have 
risen  so  dramatically  that  the  ‘customary1  use  of  the  wind  tunnel  as  a 
vehicle-configuration  design  aid  has  diminished  significantly.  As  a  re¬ 
sult,  a  suitable  combination  of  numerically  generated  configuration  aero¬ 
dynamics  with  experimentally  generated  results  can  lead  to  the  desired 
solution  in  an  efficient  and  cost  effective  manner. 

Recognizing  the  advances  that  were  being  made  in  computational 
fluid  dynamics,  the  Air  Force  structured  the  Maneuvering  Aerothermal 
Technology  (MAT)  program  to  assess  and  improve  the  currently  available 
technology  for  predicting  MaRV  aerothermal  performance  for  current  and 
next  generation  vehicles  in  flight  regimes  characteristic  of  future  mis¬ 
sion  requirements.  The  types  of  computer  codes  that  were  to  be  evaluated 
in  this  contract  ranged  from  the  empirical  methods  (such  as  the  Hypersonic 
Arbitrary  Body  Program  (HABP)  and  the  Aerodynamic  Heating  Program  (AERHEAT)) 
which  contain  the  technologies  of  the  60's,  to  the  more  current  "sophisticated" 
large  scale  programs  which  numerically  solve  various  simplified  versions  of 
the  Navier  Stokes  equations.  These  include  the  inviscid  flow  field  solutions, 
boundary  layer  solutions,  and  the  more  recent  parbolized  Navier  Stokes  (PNS) 
computer  solutions. 

These  large  scale  computer  codes,  like  newly  developed  wind  tunnels, 
require  a  detailed  "shake  down"  to  resolve  developmental  difficulties  in  logic, 
numerics,  grid  resolution,  turbulence  modeling,  etc.  To  accomplish  a  complete 
check-out  of  these  programs,  detailed  "bench-mark"  experimental  data  are  re¬ 
quired  with  which  to  resolve  their  predictive  capabilities.  The  current  set 
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of  experimental  data  were  obtained  with  this  objective  in  mind.  However 
one  must  recognize  that  the  predictive  ability  and  accuracy  of  any  aero¬ 
dynamic  computer  code  is  dependent  on  the  vehicle  configuration.  Thus 
one  must  first  establish  systems  requirements  and  performance  goals, 
then  consistent  with  these,  establish  the  generic  vehicle  configuration(s) 
that  are  required  to  meet  these  requirements  and  goals.  The  MAT  program 
has  provided  both  the  systems  requirements  and  performance  goals.  The 
current  set  of  experimental  data  satisfy  one  aspect  of  these  overall  ob¬ 
jectives.  Specifically,  flow  field  data  were  obtained  on  sharp  and  blunt 
axisymmetric  biconic  configurations  under  laminar  and  turbulent  boundary 
layer  flow  conditions  over  a  range  of  hypersonic  Mach  Numbers  and  angles 
cf  attack.  In  addition  data  were  also  obtained  on  the  aft  section  of  the 
bicone  where  a  slice  cut  was  taken  and  where  a  flap  was  placed.  This  type 
of  configuration  represents  one  type  of  maneuvering  reentry  vehicle  (MaRV) 
of  specific  interest  to  the  Air  Force.  The  types  of  data  obtained  are 
configuration  force  and  moment,  surface  pressure,  shear,  heat  transfer, 
and  flow  field  surveys  including  pitot  pressure,  total  temperature,  and 
flow  angularity.  The  force  and  moment  data  provide  the  resultant  check¬ 
out  accuracy  of  all  of  the  computer  codes-empirical  or  'exact1.  However 
to  provide  additional  diagnostic  detail  when  agreement  witn  these  data  is 
less  than  satisfactory,  is  the  specific  role  of  the  detailed  data-surface 
and  flow-field  measurements.  The  shock  layer  surveys  are  an  especially 
useful  diagnostic  tool  in  regions  of  the  configuration  where  sudden  ex¬ 
pansions  or  compressions  are  present.  For  these  reasons,  in  the  current 
test  series,  the  shock  layer  surveys  were  concentrated  in  the  slice/flap 
regions  of  the  vehicle  along  with  sufficient  upstream  measurements  on  the 
axisymmetric  surfaces  to  provide  the  tench-mark'  reference. 

This  report  summarized  and  catalogs  the  entire  body  of  data 
obtained  on  the  biconic  configurations  in  the  AEDC-VKF  Tunnels  B  and 
C  at  Mach  numbers  of  6,  8,  and  10.  The  test  specifically  sponsored  by 
the  MAT  program  corresponds  to  the  Mach  8  turbulent  boundary  layer 
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experimental  on  the  10.5°/7°  sliced  bicone  with  flap.  The  remainder  of  the 
experiments  referred  to  in  this  report  were  conducted  by  AEDC  personnel 
under  BMO  sponsorship  and  Aerospace/TRW  guidance.  This  report  also  provides 
some  particulars  of  the  data  reduction  details,  provides  typical  results  and 
limited  data  trends,  highlights,  and  observations.  Lastly,  it  contains 
illustrative  examples  of  data  extraction  for  code  validation  and  check-out. 
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2.0  APPARATUS 


2.1  Test  Facilities 

The  tests  were  conducted  in  the  hypersonic  flow  tunnels  of  the 
von  Karaan  Facility  at  the  Arnold  Engineering  Development  Center; 

Tunnel  B  for  Mach  6  and  8  and  Tunnel  C  for  Mach  10.  Nominal  tunnel 
performance  characteristics  are  presented  in  Table  1. 


Table  1,  Tunnels  B  and  C  Performance 


Tunnel 

Nominal 

Mach 

Number 

P0’ 

psia 

V°F 

q,  psia 

Re/ ft 

in-6 
x  10 

Min. 

Max. 

Max. 

Min. 

Max. 

Min. 

Max. 

B 

6 

20 

270 

390 

0.3 

4.1 

0.3 

4.7 

8 

50 

850 

890 

0.3 

3.8 

0.3 

3.7 

C 

10 

200 

2000 

1450 

0.3 

3.0 

0.3 

2.4 

Both  tunnels  are  closed  circuit  with  axisymmetric  contoured  nozzles 
with  a  50  inch  diameter  test  section  and  operate  continually  over  a  range  of 
pressure  levels  with  air  supplied  by  the  main  compressor  system.  Stagnation 
temperatures  sufficient  to  avoid  liquefaction  in  the  test  section  are  ob¬ 
tained  through  the  use  of  a  natural -gas-fi red  combustion  heater  in  combina¬ 
tion  with  the  compressor  heat  of  compression  at  Mach  6  and  8  and  in  combina¬ 
tion  with  electric  resistance  heaters  at  Mach  10.  Each  entire  tunnel  (throat, 
nozzle,  test  section,  and  diffuser)  is  cooled  by  integral,  external  water 
jackets.  Both  tunnels  have  identical  test  sections  equipped  with  model  in¬ 
jection  systems. 

Directly  below  each  test  section  is  a  tank  (Figure  1)  into  which 
the  model  and  its  support  can  be  retracted.  The  test  section  can  be  sealed 
from  its  tank  so  that  the  tunnel  can  remain  running  while  the  tank  is  vented 
to  atmospheric  pressure  in  order  that  personnel  may  enter  the  tank  to  make 
modifications  to  the  model  or  its  support  system.  After  the  desired  modi¬ 
fications  are  made  and  the  tank  entrance  door  is  closed,  the  tank  is  vented 
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to  the  test  section  pressure,  the  doors  between  the  tank  and  test  section 
are  opened,  and  the  model  is  injected  into  the  airstream  to  obtain  the 
desired  data.  Upon  completion  of  the  data  acquisition,  the  model  is  re¬ 
tracted  and  the  cycle  completed.  The  injection  system  is  also  used  for 
transient  heat -transfer  tests  in  which  the  model  is  cooled  in  the  retracted 
position,  set  at  the  desired  attitude,  and  injected  into  the  airstream  to 
obtain  the  time  history  of  the  temperatures  at  various  locations  on  the 
model.  The  minimum  injection  time  is  about  two  seconds  and  the  maximum 
acceleration  or  deceleration  is  about  one  g.  Tho  model  is  exposed  to 
the  airstream  approximately  0.9  sec.  prior  to  the  injection  stroke  limit 
with  the  model  in  test  position. 

2„2  Model  Detail 

The  model  used  for  this  investigation  was  comprised  of  several 
sections  which  permitted  the  testing  of  a  sharp  and  blunt  7°  cone,  and 
sharp  and  blunt  bi cones  with  10.5°  and  14°  forecones.  All  components  were 
fabricated  i'rom  type  304  stainless  steel.  In  addition  the  conmon  7°  half 
cone  aft  frustum  was  also  sectioned  to  permit  the  inclusion  of  a  slice/ 
flap  region.  In  order  to  provide  a  turbulent  boundary  layer  for  the  blunted 
configurations,  a  ring  of  roughness  trips  were  employed.  Contained  in  the 
following  sections  is  a  detailed  description  of  the  model  geometries  used 
in  this  investigation  including  the  trip  geometry  and  the  location  of  the 
surface  instrumentation. 

2,2.1 _ Basic  Body 

The  test  model  used  in  this  investigation  is  modular  in  concept, 
from  which  several  bicone  geometries,  sharp  and  blunt,  were  assembled. 

The  basic  model  components  are  shown  in  Figure  2.  Exclusive  of  the  sharp 
or  blunt  nose  sections,  the  remainder  of  the  model  is  comprised  of  three 
sections,  the  forecone  section  with  half  angles  of  7°,  10.5°,  and  14°, 
and  the  two  T  aft  cone  sections.  For  each  bicone  configuration,  a  sharp 
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603  =  7.676  =  20.000  =  32.250  =  40.000 


0=0  D  =  1.550 


140 


Figure  2,  Basic  Model  Geometry 


and  a  0.50"  nosetip  was  tested.  In  summary,  for  this  basic  test 
series  the  following  axi symmetric  bicone  configurations  were  tested. 

Model 


Nose-R^ 

Forecone 

Aftcone 

Length 

0( .0015" ) 

7° 

7° 

39.989 

0.50" 

7° 

7° 

36.397 

0 

10.5° 

7° 

33.250 

0.50" 

10.5° 

7° 

31.006 

0 

14° 

7° 

29.849 

0.50" 

14° 

7° 

28.282 

2.2.2 _ Slice  Region 

In  addition  to  the  aft  7°  conical  frustum  section,  two  additional 
aft  sections  were  fabricated.  One  section  had  a  double  windward  slice  as 
shown  in  Figure  3.  The  first  slice  is  parallel  to  the  axis  and  starts 
7.75  inches  upstream  of  the  base.  The  second  slice  on  this  section  is 
inclined  7°  downward,  2.75  inches  upstream  of  the  model  base.  This  aft 
section  was  used  for  the  force  and  moment  test  series. 


The  other  aft  cone  section  had  an  identical  windward  side  series 
of  slices;  however,  in  addition  it  also  had  a  single  parallel  slice  on  the 
leeward  side  as  shown  in  Figure  3.  This  aft  section  was  used  for  the  re¬ 
mainder  of  the  test  series;  that  is  the  pressure,  heat  transfer,  and  shock 
layer  profiles 


2.2.3 


Flap 


Under  MAT  program  sponsorship,  a  series  of  flaps  were  fabricated 
for  use  with  the  aft  slice  sections. 


Three  were  built,  a  10°  and  20°  con¬ 


tinuous  span  flap  and  a  split  20°/10°  flap  as  shown  in  Figure  4.  The  hinge 
line  of  the  flaps  were  located  at  the  juncture  of  the  second  windward  cut. 
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Figure  3.  Aft  Slice  Sections 


SPttl  FLAP 


Figure  4.  Flap  Details 


2.75  inches  upstream  of  the  base.  For  simplicity  of  installation  the  flaps 
were  manufactured  with  a  0.50  inch  overhang  from  the  base  and  were  attached 
to  the  basic  body  by  fasteners  into  the  base. 

2.2.4 _ Roughness/Boundary  Layer  Trips 

In  the  course  of  these  experimental  investigations,  several  test 
series  were  conducted  for  the  primary  prupose  of  determining  the  trip  size  - 
for  a  given  model  bluntness  and  test  facility  -  which  would  provide  a  tur¬ 
bulent  boundary  layer  (hopefully  with  the  absence  of  inviscid  flow  distur¬ 
bances).  These  investigations  were  primarily  performed  using  the  model 
surface  heat  transfer  (cold  wall)  as  the  diagnostic  for  determining  the 
departure  from  laminar  flow.  However,  in  certain  cases  investigations 
were  also  performed  using  the  boundary  layer  portion  of  the  shock  layer 
survey  as  the  diagnostic  (i.e.,  for  the  hot  wall  case).  Although  the 
trip  size,  geometry,  and  relative  placement  on  the  models  were  similar, 
these  parameters  varied  for  several  of  the  test  series.  Rather  than 
summarize  the  pot-pourri  of  trips  used,  they  are  shown  in  Figures  5  and  6 
for  the  Mach  6  and  Mach  8  investigations,  respectively. 

The  boundary  layer  trips  consisted  of  distributed  roughness 
formed  by  attaching  Carborundum  grit  to  the  model  surface,  or  by  machining 
helical  grooves  in  a  spiral  fashion  (clockwise  and  counter  clockwise)  on 
the  conical  frustum  part  of  the  nose,  or  by  blasting  the  metal  surface 
with  grit  until  the  desired  roughness  was  attained.  The  test  data  sum¬ 
marized  in  the  following  sections  of  this  report  will  refer  specifically 
to  the  trip  used  from  Figures  5  and  6. 

The  turbulent  boundary  layer  shock  layer  survey  tests  were 
performed  using  the  machined  roughness  trips  defined  in  Figure  fia  and 
shown  photographically  in  Figure  7. 
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Figure  5,  Boundary  Layer  Trip  Geometry  (Cont'd) 
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Figure  5.  Boundary  Layer  Trip  Geometry  (Concluded) 
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Figure  6.  Boundary  Layer  Trip  Geometry 
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Figure  7.  Photograph  of  the  Machined  Boundary  Layer  Trip 


2.2.5 


Instrumentation 


As  indicated  earlier,  the  measurements  in  this  test  series 
included  total  model  static  force,  surface  heat  transfer,  pressure 
and  temperature,  and  also  shock  layer  surveys  (which  included  Pitot 
pressure,  total  temperature,  Preston  tube,  and  Mach/Flow  Angularity 
measurements).  Contained  below  is  a  summary  discussion  of  the  model 
surface  instrumentation  and  locations,  and  the  balance  used  for 
forces  and  moment  definition.  The  material  that  is  summarized  below 
is  excerpted  from  the  appropriate  AEDC  Test  Summary  Reports  (TSRs) 
and  will  be  so  referenced. 

Model  flow-field  photographs  were  obtained  with  a  single-pass 
optical  flow  visualization  system  through  the  two  17.25  inch  diameter 
test  sections  windows. 

2.2.5. 1  Static  Force 


Static  force  measurements  are  provided  using  either  point-pause 
or  continuous  sweep  techniques.  In  the  more  conventional  point-pause  tech 
nique,  the  model  support  mechanism  is  moved  to  the  desired  model  angle 
and  stopped,  measurements  are  taken,  and  then  the  sequence  is  repeated  by 
moving  to  the  next  desired  angle.  In  the  continuous  sweep  technique  the 
model  is  continuously  varied  in  angle  while  measurements  are  taken,  at 
rates  of  0.5  deg/sec  in  pitch  and  2  deg/sec  in  roll. 

Forces  and  moments  on  models  are  measured  with  a  six-component 
internal  strain-gage  balances  using  conventional  foil  and  semiconductor 
gages.  Balance  details  are  described  in  Reference  1.  The  balance  is 
temperature  compensated  over  the  range  from  80  to  180  F.  Two  copper- 
constantan  thermocouples  are  provided  for  monitoring  balance  temperature. 
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The  measuring  and  recording  devices,  and  the  calibration  methods 
used  for  all  measured  parameters  along  with  the  estimated  measured  un¬ 
certainties  are  provided  in  Reference  2  for  the  Mach  10  laminar  static  force 
tests  and  in  Reference  3  for  the  Mach  8  turbulent  tests.  Model  base  pres¬ 
sure  was  measured  in  the  point  -  pause  mode  of  operation  with  the  VKF 
standard  pressure  system  which  uses  1-psid  variable  capacitance  trans¬ 
ducers  referenced  to  near  vacuum. 

A  photograph  of  the  model  mounted  for  the  static  force  series 
shown  in  the  dump  tank  below  Tunnel  B  is  presented  in  Figure  8.  The 
machined  trip  ring  device  is  readily  seen  in  this  photograph.  Figure  9 
portrays  the  model  assembly  in  the  Tunnel  B  test  section. 

2. 2. 5.2  Model  Surface  Instrumentation 


Surface  mounted  instrumentation  consisted  of  Gardon  gages,  coaxial 
thermocouple  gages,  and  pressure  orifices.  The  tests  were  conducted  in 
several  separate  entries  where  the  model  configuration  varied  per  entry, 
consequently  the  surface  instrumentation  also  varied.  The  reference  for 
each  data  set  and  the  configuration  tested  is  listed  below. 


Reference 


Data  Set 


Models 


4 

Mach  6,  a  =  0 
(Turbulent) 

7°  Cone 

140/7°  Bicone 

5 

Mach  6,  a  =  0 
(Turbul ent) 

70  Cone 

10.50/7°  Bicone 

140/70  Bicone 

6 

Mach  8,  a  /  0 
(Turbulent) 

70  Cone 

10.50/7°  Bicone 

140/70  Bicone 

7 

Mach  10, a  t  0 
(Laminar) 

140/70  Bicone  w/Slices 

8 

Mach  8,  a  t  0 
(Turbulent) 

10. 50/70  Bicone  w/Slice 
and  Flap 
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Figure  8.  Photograph  of  the  Bicone  $odel  Static  Force  Installa¬ 
tion  Viewed  in  the  Dump  Tank  Below  Tunnel  B 


Figure  9.  Photograph  of  the  Bicone  Model  Static  Fokcf  Instal¬ 
lation  in  Tunnel  B 


Heat  transfer  data  were  obtained  using  0.125  inch  diameter 
Gardon-type  heat  flux  gages  with  Iron-ConstantanR  case  thermocouples. 

For  the  Mach  6  tests  where  the  tunnel  stagnation  temperature  is  relatively 
low,  it  was  possible  to  use  the  Gardon-gage  not  only  as  a  transient  gage 
for  measuring  heat  transfer  in  the  pulse  entry  mode,  but  it  could  also  be 
used  in  the  steady  state-long  time  entry  (i.e.,  for  profile  measurement) 
mode.  The  case  thermocouple  served  a  dual  role  by  providing  a  sensing 
disc  edge  temperature  used  in  the  evaluation  of  the  heat-transfer  coef¬ 
ficient  and  by  indicating  the  model  wall  temperature  during  the*  long 
hot-wall  runs.  As  an  additional  check  on  the  long  term  wall  temperature 
coaxial  surface  thermocouples  were  used. 

In  the  Mach  8  and  10  tests  where  the  tunnel  stagnation  temperature 
is  significantly  higher  and  where  the  Gardon-type  gages  would  not  survive 
a  long  time  entry,  the  model  was  only  instrumented  with  this  type  gage 
for  short  duration  heat  transfer  tests.  Prior  to  the  survey  tests,  the 
Garden  gages  were  removed  and  the  holes  were  plugged  or  replaced  by  coaxial 
gages  and  the  afterbody  was  replaced  with  a  pressure  instrumented  after¬ 
body.  The  pressure  orifices  in  the  afterbody  were  located  at  the  same 
locations  as  the  Gardon  gages.  The  coaxial  gages  {surface  thermocouples) 
were  added  for  the  survey  tests  to  provide  model  surface  temperature. 

Details  of  both  types  of  gages  may  be  found  in  Reference  9. 

Three  flap  assemblies  were  used:  heat  transfer,  full  span  pres¬ 
sure,  and  split  pressure  as  depicted  in  Figure  4.  The  heat  transfer  flap 
was  a  full  span  adjustable  deflection  flap  instrumented  with  nine  Gardon 
gages.  The  full  span  pressure  flap  was  essentially  the  same  as  the  heat 
transfer  flap  except  for  instrumentation.  The  split  pressure  flap  had  fixed 
deflection  angles  of  10  and  20-deg  for  its  two  sides  and  was  instrumented 
with  seven  orifices  and  two  coaxial  surface  thermocouples.  Specific  gage 
and  orifice  locations  are  presented  in  Reference  8  and  Section  3,4 
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It  should  be  noted  that  in  all  cases  the  model  was  instrumented 
with  more  than  75  Gardon-type  gages,  and  more  than  80  pressure  orifices 
so  that  a  relatively  complete  surface  coverage  was  obtained.  The  reader  is 
referred  to  Section  3  or  the  specific  test  report  for  detail  definition 
and  locations  of  the  surface  instrumentation. 

2.3  Flow  Field  Survey  Probes  and  Probe  System 

Two  separate  probing  systems  were  used  to  perform  the  boundary 
layer  and  flow  field  surveys.  An  overhead  probe  system  which  was  the 
primary  flow  field  survey  mechanism  was  instrumented  with  a  pitot  tube, 
unshielded  thermocouple  probe  and  a  Preston  tube.  A  second  system  which 
was  used  with  the  axi symmetric  bi cones  was  attached  to  the  model  support 
sting  and  was  equipped  with  a  Pitot  tube  and  an  unshielded  thermocouple 
probe.  A  Preston  tube  was  included  on  the  on-board  probe  installation, 
but  pressure  response  from  this  probe  was  not  satisfactory  and  data  from 
this  probe  are  not  valid. 

The  axial,  X,  lateral,  Y,  and  vertical,  Z,  overhead  probe  drive 
system,  is  used  to  survey  flow  fields  in  Tunnels  B  and  C.  The  positioning 
mechanism  is  mounted  above  a  port  on  the  top  of  the  tunnel.  The  X-Y-Z 
mechanism  has  five  degrees  of  freedom:  X,  Y,  Z,  V  and  ALPT.  In  addition 
to  the  X,  Y,  ar-.d  Z  controls,  this  mechanism  has  the  capability  for  inclining 
the  probe  head  by  an  angle  ALPT  relative  to  a  vertical  (from  the  Z  axis), 
and  then  probing  in  the  Z‘  direction  along  this  tilted  vertical  axis. 

Precision  surveys  along  the  V  axis  can  repeatably  be  made  to  within 
i  0.005  inches.  Positioning  of  the  probe  holder  attachment  is  arbitrary 
in  the  sense  that  no  preprogramming  is  required  and  the  mechanism  moves 
independently  of  the  model.  All  stations  to  be  sampled  must  remain  within 
the  mechanism  traversing  envelope.  Shown  in  Figures  10  to  12  are  photo¬ 
graphs  of  the  probe  housing  assembly  and  of  the  probe  holder  assembly. 

Figure  13  is  a  photograph  of  the  probe  holder  assembly  shown  in  proximity 
to  the  model.  The  flattened  Pitot,  upper  Pitot,  total  temperature  and 
Preston  tube  probes  were  mounted  in  one  probe  holder,  while  the  Mach/Flow- 
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Figure  11.  Photograph  of  the  Probe  Assembly 


Figure  12.  Close-up  Photograph  of  the  Probe  Assembly 


igure  13.  Photograph  of  the  Probe  Assembly  Shown  in  Proximity 
TO  THE  10.50/70  B I  CONE  *k)DEl 


Angularity  probe  was  mounted  separately.  The  upper  Pitot  was  moved  from  2 
inches  to  3  inches  above  the  Pitot,  Preston,  and  total  temperature  probes, 
when  leeward  surveys  were  performed.  The  second  probe  was  used  to  minimize 
data  acquisition  time  for  the  thick  shock  layers. 

Probe  positioning  in  the  vicinity  of  the  model  surface,  probe 
deflections  and  probe  spacing  are  measured  and  monitored  optically  with 
the  VKF  closed  circuit  television  (CCTY)  system.  The  model  and  probes  are 
back  lighted  using  the  collimated  light  beam  shadowgraph  system.  The  CCTV 
system  can  monitor  the  system  at  the  rate  of  30  frames /second,  1224  lines/ 
frame,  and  with  a  magnification  factor  of  38.  Positioning  of  the  probes 
at  a  desired  location  is  achieved  using  a  graticule,  marked  in  increments 
or  marked  to  indicate  stations  along  the  model  surface.  Spacing  between 
the  probes  and  the  model  surface  can  also  be  measured  optically.  The 
television  image  is  also  used  to  verify  contact  between  the  survey  probe 
and  the  model  surface.  The  camera  is  isolated  from  the  tunnel  vibrations 
by  mounting  it  with  the  optics  system  which  has  a  separate  foundation  from 
the  tunnels.  A  front  lighted  high  magnification  TV  of  approximately  7  power 
was  used  to  view  the  10  degree  flap  section  of  the  split  flap. 

2.3.1  Pitot  and  Unshielded  Thermocouple  Probes 

Total  pressure  (Pitot)  and  total  temperature  proh  neasurements 
were  used  in  conjunction  with  the  wall  surface  static  pres  *e  measurements 
to  extract  the  total  pressure  and  total  temperature  profiles,  ad  the  local  Mach 
number  in  the  boundary  layer.  To  survey  boundary  layers,  probes  of  small 
dimensions  were  used  to  minimize  probe  size  effects  on  the  resolution  of 
the  profiles.  Boundary  layer  probes  were  designed  to  ‘~‘*in  measurements 
close  to  the  surface  within  the  boundary  layers  and  ye>.  remain  parallel  to 
the  model  surface. 


The  unshielded  thermocouple  probes  were  made  with  Chromel-Alumel 
thermocouples  which  had  an  estimated  uncertainty  of  ±  1.5°F  +  0.375  per¬ 
cent  of  reading  .  The  unshielded  thermocouple  probe  had  a  wire  junction 
diameter  of  approximately  0.007  inches.  A  reference  dimension  of  0.005 
inches  was  used  for  data  reduction  purposes.  The  time  response  and  the 
resolution  of  the  probe  location  are  improved  by  using  such  small  probes. 
Total  temperature  probe  uncertainties  associated  with  the  heat  transfer 
between  the  probe  and  environment  were  accounted  for  in  the  freestream 
probe  calibration  (convection  and  conduction  effects). 

As  shown  in  Figures  10  through  12,  two  Pitot  tubes  were  attached 
to  the  probe  holder  assembly.  Both  Pitot  probe  pressures  (on-board  and  over- 

D 

head)  and  the  overhead  Preston  tube  were  measured  with  15-psid  Druck 
transducers  which  had  an  estimated  measurement  uncertainty  of  ±  0.009  psi. 

A  near  vacuum  reference  pressure  was  used  with  these  transducers.  The 
near  vacuum  reference  pressure  was  measured  with  a  Hastings  absolute 
pressure  transducer.  The  Pitot  probe  used  for  surveys  near  the  model  sur¬ 
face  were  fabricated  by  flattening  an  0.024  inch  O.D.  (0.020  1.0. )  tube  as 
shown  in  Figure  14.  This  procedure  produced  a  probe  tip  thickness  of  0.020 
inch  with  an  open  slit  of  0.005  inch  height.  Pitot  and  total  temperature 
probes  are  illustrated  in  Figure  14. 

2.3.2  Preston  Tube 


The  Preston  tube  geometry  is  illustrated  in  Figure  15.  The  tube 
tip  dimensions  are  consistent  with  those  that  have  been  used  previously 
(References  10  and  11)  for  obtaining  Preston  tube  calibration  factors. 

2.3.3  Mach/Flow-Angularity  Probe 

A  Mach/flow  angularity  probe  (Probe  #5)  was  used  to  measure  the 
local  stream  total  pressure,  local  Mach  number,  and  local  flow  angle.  The 
Mach/flow  angularity  probe  is  shown  in  Figure  16.  The  probe  is  0.068  inches 
in  diameter,  made  up  of  5  individual  tubes  of  0.012  inches  I.D.  Probes  this 
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a.  Pitot  Probe 


Figure  14.  Pitot  and  Total  Temperature  Probes 


55. 


1-tQ  — _ _ 


2.  Z 

Wrs^ 


Figure  15 *  Preston  Tube 


it y  Probe 


Figure  16.  Kach/FLOw-Anguur 


small  minimize  probe  interference  and  improve  the  resolution  of  the  measure¬ 
ment  location  while  mapping  complex  flow  fields.  Mach/flow  angularity  probes 
are  calibrated  to  measure  the  two  flow  directional  angles  of  the  airstream 
with  respect  to  the  probe.  Typically,  pressure  measurements  in  tubes  1 
and  3  are  in  the  vertical  or  pitch  plane  and  tubes  2  and  4,  are  in  the 
horizontal  or  yaw  plane  of  the  flow  field. 


3.0  SUMMARY  OF  TEST  CONDITIONS 
AND  DATA  ACQUIRED 

A  rather  large  body  of  detailed  experimental  data  were  obtained 
at  AEDC  at  Mach  numbers  6,  8,  and  10  on  sharp  and  blunted  10. 5°/ 7°  and 
14°/7°  bi cones  and  on  a  7°  cone.  The  data  consisted  of  static  force  and 
moment,  surface  pressure  -  heat  transfer  -  and  shear  (via  a  Preston  tube) 
measurements,  and  lastly  boundary/ shock  layer  surveys.  The  survey  data 
are  composed  primarily  of  Pitot  pressure  and  total  temperature  with  some 
limited  Mach/Flow  angularity  measurements. 

In  addition  to  obtaining  data  on  the  axisymmetric  configurations, 
modifications  to  the  aft  cone  consisting  of  a  windward  double  slice,  a 
leeward  single  slice,  and  the  addition  of  a  flap  at  the  second  windward 
slice  were  made  and  a  full  complement  of  data  taken.  These  data  were 
taken  over  a  3-4  year  span,  where  the  detailed  measurements  on  the  10.5°/ 

7°  bicone  with  the  slices  and  flap  were  performed  last  and  were  planned 
and  conducted  by  SA1  under  the  BMO/MAT  program  sponsorship. 

Data  were  obtained  for  both  laminar  and  turbulent  boundary  layer 
flows.  In  order  to  promote  turbulence  near  the  nose  for  the  blunted  con¬ 
figurations,  boundary  layer  trips  were  employed.  A  considerable  effort 
was  directed  toward  defining  the  minimum  trip  size  that  would  promote 
turbulent  flow  and  yet  not  materially  affect  the  inviscid  shock  layer 
flow.  This  trip  investigation  was  not  only  performed  at  zero  angle  of 
attack,  but  also  at  the  larger  angles  that  manuevering  vehicles  fly  (i.e., 
to  20°). 


Contained  in  this  section  of  the  report  is  a  summary  listing  of 
all  of  the  data  obtained  on  these  configurations.  Specifically,  Table  2 
presents  an  overall  sumnary  of  the  data  obtained  on  the  7°  cone,  while 
Table  3  provides  a  stannary  of  the  bicone  model  data.  Sections  3.2  through 
3.4  contain  details  of  each  of  the  subset  experiments  conducted,  including 
detailed  AEDC  data  group  numbers  for  each  measurement  set. 
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Summary  of  Data  Obtained  on  the  Sharp  and  Blunt  7°  Cones 


FRUSTUM  4°, 10°  FRUSTUM 


able  3,  Summary  of  Data  Obtained  on  the  Sharp  and  Blunt  10,577 
and  147 7°  Bicones 


Table  3,  Summary  of  Data  Obtained  on 
and  W°/7°  Bicones  (cont'd) 


3.1  Axisymmetric  Body  t  Turbulent  Flow; 
“or  6  ,0C-  0  (References  4  and  5) 

The  testing  of  the  axisymmetric  7°  cone,  and  10.5°/7°  and 
14°/7°  bi cones  were  conducted  in  two  phases.  The  objective  of  the 
first  phase  was  to  determine  the  smallest  boundary  layer  trip  that 
would  bring  boundary  layer  transition  near  the  trip  without  intro¬ 
ducing  disturbances  in  the  flow  field.  A  boundary  layer  trip  that 
brought  the  end  of  the  transition  in  the  vicinity  of  the  first  heat 
gage  (s  =  8.15  for  the  7°  cone,  and  3.91  for  the  14°/7°  bicone)  was 
considered  effective  and  suitable  to  be  studied  in  more  detail.  This 
initial  approach  was  taken  since  the  ultimate  goal  was  to  fix  the  end 
of  transition  on  the  forebody  of  the  bi conic  configurations  to  be 
studied  in  detail  in  later  test  phases. 

The  objective  of  the  second  test  phase  was  to  evaluate  the 
influence  of  boundary  layer  trips  on  boundary  layer  and  flow  field 
characteristics.  Flow  field  surveys  were  performed  at  several  longi¬ 
tudinal  body  stations  on  configurations  with  different  nosetips  and 
trip  combinations.  Corresponding  heat  transfer  data  were  obtained  to 
identify  transition  and  verify  that  turbulent  flow  existed  at  the  probe 
survey  stations. 

Figure  17  lists  the  survey  station  for  each  basic  body  con¬ 
figuration  while  Table  4  indicates  the  location  of  the  surface  instru¬ 
mentation  for  each  of  the  three  configurations. 


A  summary  of  the  nominal  test  conditions  at  each  Reynolds 
number  is  given  below: 
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7  DEGREE  CONE 


10.5/7  DEGREE  BICOHIC 


14/7  DEGREE  BICONIC 
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S,  IN. 

station 

NO. 

7  DEGREE 
CONE 

10.5/7  DEGREE 
BICONIC 

14/7  DEGREE 
BICONIC 

1 

38.800 

32.125 

28.801 

2 

30.300 

23.625 

20.301 

3 

20.150 

14.486 

11.162 

4 

15.150 

13.233 

9.909 

5 

- 

8.483 

6.159 

Figure  17,  Probe  Survey  Locations 


Table  4.  Surface  Instrumentation  Locations 

a.  Pressure  Orifices 


S  ,  IN. 


ORIFICE 

NO. 

7  DEGREE 
CONE 

10.5/7  DEGREE 

B  ICON  1C 

1 

39.800 

33.125 

2 

38.300 

31.625 

3 

36.300 

29.625 

4 

34.300 

27.625 

5 

32.300 

25.625 

6 

30.300 

23.625 

7 

28.300 

21.625 

8 

26.300 

19.625 

9 

24.300 

17.625 

10 

22.300 

15.625 

11 

20,150 

14.486 

12 

17.150 

14.111 

13 

15.150 

13.736 

14 

13.150 

13.233 

15 

11.150 

12.483 

16 

9.150 

10.483 

17 

8.150 

8.483 

18 

- 

7.483 

19 

- 

6.483 

20 

- 

5.483 

21 

- 

4.983 

22 

39.800 

33.125 

23 

30.300 

23.625 

24 

11.150 

5.483 

25 

39.800 

33.125 

26 

30.300 

23.625 

27 

11.150 

5.483 

28 

39.800 

33.125 

29 

30.300 

23.625 

30 

11.150 

5.483 

31 

BASE 

BASE 

32 

BASE 

BASE 

33 

38.800 

32.125 

14/7  DEGREE 
B ICONIC 


29.801 

28.301 

26.301 

24.301 

22.301 

20.301 

18.301 

16.301 

14.301 

12.301 
11.162 
10.787 
10.412 

9.909 

9.159 

7.159 

6.159 

5.159 

4.659 
4.15? 

3.659 

29.801 

20.301 

4.659 

29.801 

20.301 

4.659 

29.801 

20.301 

4.659 

BASE 

BASE 

28.801 
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Table  4,  Surface  Instrumentation  Locatiols  (Cont'd) 


b.  Heat  Gages 


S,  IN. 

GAGE 

NO. 

7  DEGREE 
CONE 

10.5/7  DEGREE 
BICONIC 

14/7  DEGREE 
BICONIC 

0) 

DEG. 

1 

38.300 

31.625 

28.301 

180 

2 

36.300 

29.625 

26.301 

3 

34.300 

27.625 

24.301 

4 

32.340 

25.565 

22.241 

28.240 

21.565 

18.241 

26.240 

19.565 

16.241 

25.240 

18.565 

15.241 

24.240 

17.565 

14.241 

23.240 

16.565 

13.241 

22.240 

15.565 

12.241 

21.150 

14.486 

11.162 

20.150 

14.111 

10.787 

13 

19.150 

13.736 

10.412 

14 

18.150 

13.233 

9.909 

15 

17.150 

12.233 

9.159 

16 

15.150 

10.483 

7.159 

17 

13.150 

7.483 

6-159 

13 

9.150 

6.233 

5.159 

19 

■  ,  -  ...  — 

8.150 

4.983 

3.909 

Transition  location  was  determined  from  the  heat  transfer  distribution 
obtained  with  the  Garden  heat-flux  gages.  Prior  to  each  run  the  model  was 
cooled  to  approximately  52Q°R  by  flowing  air  over  the  model.  The  model  was 
injected  into  the  tunnel  flow  for  about  five  seconds  while  a  continuous 
record  of  gage  output  was  recorded.  Data  presented  in  the  Data  Package 
were  reduced  approximately  one  second  after  the  model  reached  the  centerline 
of  the  wind  tunnel.  Some  runs  were  obtained  with  a  hot  wall  to  minimize 
the  time  required  for  a  full  cooling  cycle.  Since  the  thermal  driving 
potential  (T0  -  Tw)  was  low  for  these  cases,  the  data  uncertainty  was 
significantly  greater  than  the  cool  wall  data.  However,  these  data  were 
qualitatively  useful  in  determining  the  presence  of  transition. 

Surface  pressure  distributions  were  obtained  on  selected  configura¬ 
tions.  It  should  be  noted  that  surface  pressure  at  each  probe  station  was 
obtained  each  time  a  survey  point  was  recorded.  This  procedure  made  it 
possible  to  confirm  that  local  wall  pressure  had  been  obtained  in  the 
absence  of  any  local  probe  disturbance  or  interference. 

Initial  probe  positioning  on  the  model  wall  was  monitored  with  the 
closed  circuit  television  system  (CCTV).  The  television  image  was  used  to 
monitor  probe  longitudinal  location  and  to  verify  Preston  tube  and  Pitot 
probe  contact  with  the  model  surface.  At  each  survey  station,  a  reference 
mark  was  painted  on  the  model  surface  with  black  paint  to  provide  an  optical 
target  for  positioning  the  prooe.  The  Preston  tube  and  Pitot  tube  were 
brought  down  until  they  both  were  in  contact  with  the  model  surface.  It 
is  estimated  that  the  probe  was  located  axially  to  within  ±  0.050  inches 
of  the  reference  marks. 


Initial  data  were  obtained  with  the  Preston  tube  and  Pitot  tube  in 
contact  with  the  model  surface.  The  first  three  probe  positions  above  the 
model  surface  were  obtained  using  manual  probe  drive  control  to  achieve  the 
desired  small  height  increments  between  points.  Remaining  points  in  the 
Survey  were  obtained  using  an  automatic  system  which  drove  the  probe  to 
predetermined  locations  above  the  model  surface.  Note  that  the  only  point 
valid  for  the  Preston  tube  measurements  was  the  initial  point  at  the  model 
wall.  Each  survey  consisted  of  approximately  50  points. 
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Table  5a  through  5c  present  the  AEDC  data  group  numbers  from 
References  4  and  5  (and  the  complementary  data  tabulations)  for  each  con¬ 
figuration  tested  for  the  heat  transfer,  pressure,  and  shock  layer  survey 
tests,  respectively. 

Axisymmetric  Body-Turbulent  Flow: 

Mach  8,  Ot  =  0  (Reference  6) 

The  overall  test  objective  was  to  obtain  a  turbulent-flow  data 
base  with  which  to  validate  and  develop  analytical  codes  to  be  used  in 
predicting  the  hypersonic  aerodynamic  characteristics  of  conic  and  bi- 
conic  bodies  at  angles  of  attack.  Data  obtained  in  this  series  includes 
surface  heat  transfer,  pressure, and  detailed  flow  field  measurements  in¬ 
cluding  flow-angle  information. 

A  major  portion  of  the  test  was  devoted  to  flow-field  surveys 
over  two  basic  configurations,  the  7-d»gree  cone  (sharp  and  blunt  nose) 
and  the  blunt  biconic  configuration  (“:ore  cone/aft  cone  angles  of  10.5 
deg/ 7  deg)  at  Mach  number  8.  Windward  and  leeward  surveys  were  ob¬ 
tained  at  several  mode!  stations,  from  the  model  surface  to  the  bow 
shock  using  a  probing  mechanism  located  on  top  of  the  tunnel.  In  addi¬ 
tion,  radial  surveys  were  obtained  at  one  model  station  near  the  base 
by  using  an  "onboard"  probing  mechanism.  Roll  positions  relative  to  the 
windward  plane  of  symmetry  for  these  radial  surveys  were:  50,  75,  100, 
120,  140,  and  100  degrees.  Flow-field  probes  on  the  survey  mechanisms 
were:  Pitot  probes,  unshielded  tnermocouple  probes,  a  Preston  tube  and 
a  Mech/ Flow-Angularity  probe. 

Surface  pressures  were  measured  to  provide  pressure  data  for 
boundary  layer  calculations,  and  heat-transfer  distributions  were  obtained 
to  determine  the  boundary  layer  state.  A  machined  boundary  layer  trip  was 
used  for  the  majority  of  the  tests,  to  provide  the  desired  fully  developed 
turbulent  boundary  layer.  Surface  shear  stress  data  were  obtained  using 
a  flow-angle  sensitive  Preston  tube  attached  to  the  model.  Data  were 


Transfer  Data  Summary 


Table  5a.  Heat  Transfer  Data  Summary  -  Mach  6,  a  =  o  (Cont'd) 
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Fable  5b,  Surface  Pressure  Data  Summary  -  Mach  6, 


Table  5c.  Profile  Data  Summary  -  Mach  6 
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DATA  TAKEN  AT  SEVERAL  AXIAL  STATIONS 


obtained  at  free-stream  Reynolds  numbers  from  0.5  to  3.7  million  per  ft, 
with  the  majority  of  the  results  obtained  at  3.7  million  per  ft.  Model 
angles  of  attack  were  from  -10  to  10  deg  and  model  roll  angles  were  from 
0  to  180  deg. 

The  locations  of  the  heat  transfer  gages  for  the  sharp  7°  and 
blunt  7°  cones,  and  the  blunt  10.5°/7°  and  14°/7°  bi cones  are  listed  in 
Tables  6a  to  6d,  respectively.  Similarly,  the  locations  of  the  surface 
pressure  orifices,  including  the  identification  of  the  profile  measuring 
stations  for  the  sharp  and  blunt  7°  cone  and  the  blunt  10.5/7°  bicone 
are  listed  in  Tables  7a  to  7c,  respectively. 

A  summary  of  the  nominal  test  conditions  at  each  Mach  number 
is  given  below. 
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0.014 

0.6 

7.94 

210 

1280 

0.997 

0.023 

1.0 

7.97 

330 

1310 

1.540 

0.035 

1.5 

7.99 

560 

1330 

2.584 

0.058 

2.5 

8.00 

850 

1350 

3.900 

0.087 

3.7 

Heat-transfer  distribution  data  were  obtained  with  high-sensitivity 
thermopile  heat-flux  gages  (Gardon  type).  These  data  were  taken  to  deter¬ 
mine  transition  locations,  and  to  evaluate  trip  effectiveness.  In  most 
cases  the  model  was  injected  into  the  tunnel  flow  at  a  fixed  model  attitude. 
The  data  were  recorded  continuously  for  a  period  of  about  5  seconds  beginning 
one  second  after  the  model  reached  tunnel  centerline.  The  model  was  then 
retracted  into  the  test  section  tank  and  cooled  with  high  pressure  air. 

Model  wall  temperature  typically  did  not  exceed  600°R  during  data  acqui¬ 
sition.  One  series  of  runs  was  made  using  the  continuous  roll  sweep  node; 
with  the  model  pitched  at  four  degrees  the  model  was  rolled  from  0  to  180 
degrees  while  recording  the  data  continuously. 


72. 


Table  6,  Heat  Transfer  Gage  Locations 

a.  7  Degree  Sharp  Cone  (RN  =  0.0015  in.) 


Gage 

No. 

S,  In. 

S/SREF 

1 

38.790 

0.963 

2 

38.290 

0.950 

3 

37.590 

0.933 

4 

36.290 

0.901 

5 

35.290 

0.876 

6 

34.290 

0.851 

7 

33.290 

0.826 

8 

32.230 

0.800 

S 

31.230 

0.772 

10 

29.930 

0.743 

11 

29.230 

0.726 

12 

28.230 

0.701 

13 

27.230 

0.676 

14 

26.230 

0.651 

15 

25.230 

0.626 

16 

24.230 

0.601 

17 

23.230 

0.577 

w  ,  DEG. 


Gage 

No. 

S,  IN. 

.  . 

S/SREF 

18 

22.230 

0.552 

19 

21.140 

0.525 

20 

20.140 

0.500 

21 

19.140 

0.475 

22 

18.140 

0.450 

23 

17.140 

0.425 

24 

16.140 

0.401 

25 

15.140 

0.3^6 

26 

14.140 

0.351 

27 

13.140 

0.326 

28 

12.140 

0.301 

29 

10.840 

0.269 

30 

10.140 

0.252 

31 

9.140 

0.227 

32 

8.140 

0.202 

39 

38.791 

0.963 

40 

38.791 

0.963 

Table  6,  Heat  Transfer  Gage  Locations  (Cqnt.d) 

b.  7  Degree  Blunt  Cone  (RN  =  0.50  In.) 

OO 


Gage 

No. 

S,  In. 

S/SREF 

DEG. 

1 

35.452 

0.959 

180 

2 

34.952 

0.946 

3 

34.252 

0.927 

4 

32.952 

0.892 

5 

31.952 

0.865 

6 

30.952 

0.837 

7 

29.952 

0.811 

8 

28.892 

0.782 

9 

27.892 

0.755 

10 

26.592 

0.720 

11 

25.892 

0.701 

12 

24.392 

0.674 

13 

23.892 

0.647 

14 

22.892 

0.620 

15 

21.892 

0.592 

16 

20.892 

0.565 

17 

19.892 

0.538 

S,  IN. 


18.892 

17.802 

16.802 

15.802 

14.802 

13.802 

12.802 
11.802 
10.802 

9.802 

8.802 
7.502 
6.802 

5.802 

4.802 
35.453 
35.453 


S/SREF  u,  DEG. 


0.511 

0.482 

0.455 

0.428 

0.401 

0.374 

0.346 

0.319 

0.292 

0.265 

0.238 

0.203 

0.184 

0.157 

0.130 

0.959 

0.959 


SREF  »  36.953  IN. 
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Table  6.  Heat  Transfer  Gage  Locations  (Cont'l. 

c.  10.5/7  Degree  Biconic  (RN  -  0.50  ir.) 

0° 

ai  d- 


-  ♦  - 


ISO0 


m 

m 

■ 

30.123 

0.953 

180 

17 

29.623 

0.937 

|  18 

28.923 

0.915 

j 

19 

27.623 

0.874 

20 

26.623 

0.842 

21 

25.623 

0.810 

22 

24.623 

0.779 

23 

23.563 

0.745 

24 

22.563 

0.714 

: 

25 

21.263 

0.672 

j 

26 

20.563 

0.650 

27 

19.563 

0.619 

28 

18.563 

0.587 

29 

17.563 

0.555 

30 

16.563 

0.524 

1 

i 

39 

15.563 

0.492 

♦ 

40 

S,  IN. 


14.563 

13.563 
12.484 
12.109 
11.734 

11.231 

10.231 
9.354 

8.481 

7.479 

6.479 

5.481 

4.231 
2.981 

30.123 

30.123 


S/SREF 


0.461 

0.429 

0.395 

0.383 

0.371 

0.355 

0.324 

0.296 

0.268 

0.237 

0.205 

0.173 

0.134 

0.094 

0.953 

0.953 


Gage 

No. 


S,  In 


S/SREF 


1 

27.46 

0.948 

2 

26.96 

0.931 

3 

26.26 

0.907 

4 

24.96 

0.862 

5 

23.96 

0.827 

6 

22.96 

0.793 

7 

21.96 

0.758 

8 

20.90 

0.722 

9 

19.90 

0.687 

10 

18.60 

0.642 

11 

17.90 

0.618 

12 

16.90 

0.584 

13 

15.90 

0.549 

14 

14.90 

0.515 

15 

13.90 

0.480 

16 

12.90 

0.445 

17 

11.90 

0.411 

SREF  =  28.% 


Gage 

No. 


S.  IN. 


S/SREF 


w,  DEG 


18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

33 

34 

35 

36 

37 

38 


10.90 

0.376 

9.82 

0.339 

9.45 

0.326 

9.07 

0.313 

8.56 

0.296 

7.81 

0.270 

6.81 

0.235 

5.81 

0.201 

4.81 

0.166 

3.81 

0.132 

2.56 

0.088. 

28.46 

0.983 

18.90 

0.653 

180 


40 

50 

60 

40 

50 

60 


‘j 

1 


Table  7.  Pressure  Orifice  Locations 


a.  7  Degree  Sharp  Cone  {RN  =  0.0015  in.) 


Orifice 

No. 

S,  In. 

I 

i  i 

S/SREF 

1 

39.791 

0.988 

2* 

38.791 

0.963 

3 

38.291 

0.950 

4 

36.291 

0.901 

5 

34.291 

0.851 

6 

7 

32.231 

30.231 

0.800 

0.750 

8* 

28.231 

0.701 

9 

26.231 

0.651 

10 

24.231 

0.601 

11 

22.231 

1 

0.552 

12 

20.141 

0.500 

13* 

17.141 

0.425 

14 

15.141 

0.376 

Orifice 

No. 

S,  In. 

S/SREF 

w 

_ _ 

DEG 

15 

13.141 

0.326 

0 

16 

11.141 

0.277 

17 

9.141 

0.227 

18 

8.141 

0.202 

19 

11.141 

0.277 

90 

20 

11.141 

0.277 

180 

21 

11.141 

0.277 

270 

26 

30.231 

0.750 

90 

27 

3G.231 

0.750 

180 

28 

30.231 

0.750 

270 

29 

39.791 

0.988 

90 

30 

39.791 

0.988 

180 

31 

39.791 

0.988 

270 

SREF  =  40.291  IN 
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Table  7.  Pressure  Orifice  Locations  (Cont'd) 

b.  7  Degree  Blunt  Cone  (RN  =  0.50  in-) 


0° 


0) 


-+ 


180° 


Orifice 

NO. 

S,  IN. 

S/SREF 

<a. 

DEG. 

Orifice 

No. 

S,  IN. 

S/SREF 

U), 

DEG 

1 

36.453 

0.986 

MM 

14 

11.803 

0.319 

C 

2* 

35.453 

0.959 

u 

a 

15 

9.803 

0.265 

3 

34.953 

0.946 

■ 

■ 

16 

7.803 

0.211 

4 

32.953 

0.392 

■ 

m 

17 

5.803 

0.157 

5 

30.953 

0.838 

m 

a 

18 

4.803 

0.130 

' 

6 

28.893 

0.782 

If 

m 

19 

7.803 

0.211 

90 

7 

26.893 

0.728 

■ 

m 

20 

7.803 

0.211 

180 

8* 

24.893 

0.674 

M 

21 

7.803 

0.211 

270 

9 

22.893 

0.620 

■ 

■ 

26 

26.893 

0.728 

90 

10 

20.893 

0.565 

■ 

■ 

27 

26.893 

0.728 

180 

11 

18.893 

0.511 

11 

■ 

28 

26.893 

0.728 

270 

12 

16.803 

0.455 

■ 

M 

29 

36.453 

0.986 

90 

13* 

13.803 

0.374 

■ 

11 

30 

36.453 

0.986 

180 

|| 

31 

36.453 

0.986 

270 

SREF  =  36.953  IN. 


*  Probe  Survey  Locations 
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Table  7,  Pressure  Orifice  Locations  (Cont'd) 

c.  10.5/7  Degree  Biconic  (RN  =  0.50  in.) 


0° 


Orifice 

Ho. 

S,  IN. 

S/SREF 

w. 

DEG. 

Orifice 

No. 

S,  IN. 

S/SREF 

DEG 

1 

31.123 

0.984 

0 

17 

8.841 

0.268 

0 

2* 

30.123 

0.953 

18* 

6.481 

0.205 

3 

29.623 

0.937 

19 

5.481 

0.173 

4 

27.623 

0.874 

■ 

■ 

20 

4.481 

0.142 

5 

25.623 

0.810 

1 

I 

21 

3.481 

0.110 

6* 

23.563 

0.745 

m 

m 

22 

2.981 

0.094 

7 

21.563 

0.682 

1 

■ 

23 

3.481 

0.110 

90 

8 

19.563 

0.619 

■ 

■ 

24 

3.481 

0.110 

180 

g* 

17.563 

0.555 

1 

■ 

25 

3.481 

0.110 

270 

10 

15.563 

0.492 

B 

26 

21.563 

0.682 

90 

11 

13.563 

0.429 

8 

27 

21.563 

0.682 

180 

12 

12.484 

0.395 

II 

28 

21.563 

0.632 

270 

13 

12.109 

0.383 

8 

29 

31.123 

0.984 

90 

14 

11.734 

0.371 

■ 

30 

31.123 

0.984 

180 

15 

11.231 

0.355 

m 

31 

31.123 

0.984 

270 

16* 

10.481 

0.331 

8 

11 

SREF  =  31.623  III. 
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Probe  Survey  Locations 


Data  acquisition  procedures  can  be  divided  into 
various  data  types:  (1)  heat-transfer  data,  (2)  surface  pressure 
and  flow-angle  sensitive  Preston  tube  data,  (3)  overhead  probe 
surveys,  (4}  onboard  probe  surveys,  (5}  Mach/Flow-Angularity  probe 
calibrations  and  (5)  total  temperature  probe  calibrations.  The 
data  acquisition  procedures  for  each  type  are  discussed  in  the  sub¬ 
sequent  paragraphs. 

Heat-transfer  distribution  data  were  obtained  with  co¬ 
axial  surface  thermocouple  gages.  The  model  attitude  was  preset, 
and  the  model  was  then  injected  into  the  tunnel  flow  while  recording 
data  continuously.  During  this  time  the  model  wall  temperatures  were 
nominally  540  to  580°R.  The  model  was  in  the  tunnel  flow  {injection 
to  retraction)  approximately  6  sec.  Model  cooling  was  accomplished 
in  the  test  section  tank  between  injections  by  blowing  high  pressure 
air  over  the  model . 

Surface  pressure  data,  and  flow-angle  sensitive  Preston  tube 
data  were  obtained  at  3  angles  of  attack  and  8  model  roll  angles.  In 
each  case,  data  acquisition  was  essentially  the  sane,  since  the  pres¬ 
sures  were  measured  using  the  AEDC  "standard  pressure  system." 

Flow-field  surveys  with  the  overhead  probes  were  taken  from 
the  model  surface  to  just  beyond  the  bow  shock.  A  survey  run  typically 
consisted  of  40  to  100  data  p  infs  obtained  at  different  heights  above 
the  model  surface.  The  probe  direction  of  travel  {?.'  drive  direction) 
was  nominally  along  a  "surface  normal''.  The  small  size  of  the  probe 
presented  a  major  problem  in  obtaining  high  quality  pressure  measure¬ 
ments,  namely,  the  $r<  1  tube  size  causes  severe  pressure  lag  or  stabi¬ 

lization  problems.  To  alleviate  this  problem,  time-wise  data  were  re¬ 
corded  to  provide  pressure-time  histories  which  were  used  to  evaluate 

^  M  A  >  tin  AA.  ,4  1  «  U  ^  *  *  *  >-  ' 

U  t  JC  t  trie  Ui  IC  C\jU  i  t  tut  I  Uiil  piCJbUICb. 
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The  following  data  taking  sequence  was  used:  (1)  the  probe 
was  moved  to  predetermined  height  and  (2)  the  data  acquisition  system 
waited  a  prescribed  delay  time  (2  to  5  seconds)  and  then  recorded  40 
loops  of  data  at  a  constant  time  interval  (0.1  seconds)  which  provided 
pressure-time  histories.  Positioning  the  probe  on  the  model  surface 
was  monitored  optically.  An  automatic  control  sytem  was  used  to  drive 
the  probe  except  at  points  near  the  model  surface  (ZP  £0.09  in.). 

Overhead  probe  survey  locations  are  shown  in  Figure  18. 

Flow-field  surveys  with  the  onboard  probes  were  almost  identical 
in  data  acquisition  technique  to  the  overhead  surveys.  However  the  on¬ 
board  probes  typically  did  not  get  outside  the  bow  shock  due  to  the  mecha¬ 
nism  limit  of  travel  (2.5  in.  maximum).  The  probes  were  positioned  on 
the  model  surface,  and  then  the  model  was  rolled  to  the  desired  attitude 
before  starting  a  survey.  Thus  most  surveys  with  the  onboar"1  probes  were 
conducted  without  optical  monitoring. 

Mach/Flow-Angularity  probe  calibrations  were  obtained  in  the 
freestream  at  discrete  probe  pitch  attitudesm  from  3  to  25  degrees.  The 
calibration  data  were  obtained  at  several  freestream  Reynolds  number  con¬ 
ditions  in  order  to  evaluate  Reynolds  number  effects. 

Total  temperature  probe  calibrations  were  obtained  in  the  free- 
stream  for  each  probe  used.  For  these  calibration  runs,  the  total  pressure 
(PQ)  wes  varied  in  50  psi  increments  ^rom  150  to  850  psia.  Total  tempera¬ 
ture  proDe  data  and  tunnel  conditions  were  recorded  at  each  pressure  level 
'•nd  used  to  determine  Reynolds  number  effects  on  the  unshielded  total  temp¬ 
erature  probes. 

tables  8a  through  3e  present  the  AEDC  data  group  numbers  from 
Reference  6  (along  with  the  complementary  data  tabulations)  for  each  con¬ 
figuration  tested  and  data  type. 


7  DEGREE  CONE 


7s)  C/4 


ygS i 


10.5/7  DEGREE 
BICONIC 


7  DEGREE  CONE 


STA. 

** 

PRES. 

RN  = 

0.0015" 

RN  = 

0.5" 

NO. 

ORIF. 

S,  IN. 

S/SREF. 

S,  IN. 

S/SREF. 

1* 

2 

38.791 

0.963 

35.453 

0.959 

2 

8 

28.231 

0.701 

24.893 

0.674 

3 

13 

17.141 

0.425 

13.803 

0.374 

10.5/7  BICONIC 


STA.  PRES. 
NO.  ORIF. 


*ON-BOARD  SURVEY  LOCATION  ALSO  | 

‘♦PRESSURE  ORIFICES  ARE  AT  AXIAL  LOCATION  OF  SURVEY 
STATION  BUT  ROLLED  180  DEGREES  FROM  PROBE  DURING 
SURVEYS 


RN  = 

0.5" 

S,  IN. 

S/SREF. 

30.123 

0.953 

23.563 

0.745 

17.563 

0.555 

10.481 

0.331 

6.481 

0.205 

Figure  18.  Overhead  Probe  Survey  Location 


Table  8.  Test  Data  Summary  -  Axi symmetric  Models  3  Mach  8  (Cont'd) 

b.  Coax  Gage  Heat  Transfer  Data 
M  =  8 

GO 

Re  =  3.7  x  10s  FT'1 
00 

B.  L.  TRIP  -  .06  IN. 


MODEL  CONFIGURATION 

RN  a 

CONE  ANGLE  IN.  DEG. 


10.50/7° 


MODEL  ROLL  ANGLE  (to 

),  DEG.  _ 

WIND 

0  -50 

-75 

-100 

-120 

-140 

-160 

LEE 

-180 

8  - 

- 

- 

- 

- 

- 

- 

204  205 

- 

206 

- 

207 

- 

208 

318,5  - 

- 

- 

- 

- 

- 

- 

39,6  36 

319 

35 

320 

34 

321 

33,7 

63  62 

209,212 

61 

210 

60 

211 

59 

253  - 

- 

- 

- 

- 

- 

- 

254  255 

- 

256 

- 

257 

- 

258 

261  262 

266 

263 

267 

264 

268 

265 

8' 


Table  8,  Test  Data  Sw 

d.  Flow  Angle 
M  =  8 

oo 

Rem  -  3.7  x 
B.  L.  TRIP 


MODEL  CONFIGURATION 


|Rn 


1MARY  -  AXI SYMMETRIC  flODELS  3  MACH  8  (CoNT'd) 
Sensitive  Preston  Tube  Data 


106  ft-j 

-  .06  IN. 


MODEL  ROLL, 

DEG. 

-80 

-130 

-155 

WIND 

0 

-20 

-40 

-60 

-80 

401 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

406 

405 

404 

403 

402 

397 

400 

399 

398 

- 

- 

- 

232 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

233 

234 

235 

236 

237 

238 

239 

240 

- 

- 

- 

- 

- 

- 

- 

- 

241 

242 

243 

244 

245 

246 

247 

248 

- 

- 

- 

- 

- 

313 

m 

“ 

~ 

308 

3 19 

310 

311 

312 

"■ 

342 

3‘  3 

344 

345 

346 

314 

315 

316 

341 

_ 

_ 

348 

849 

350 

- 

- 

- 

307 

306 

305 

304 

303 

355 

356 

357 

- 

- 

86. 


Table  8.  Test  Bata  Summary  -  Axi symmetric  Models  ®  Mach  8  (Cont'd) 

f.  Onboard  Probe  Survey  Data 


M  =  8 

OD 

Re^  =  3.7  x  106  ft-1 
B.L.  TRIP  -  .06  in. 


MODEL  CONFIGURATION 

a 

DEG. 

MODEL  ROLL. 

DEG. 

CONE  ANGLE 

Rn 

-120 

-95 

-70  -50 

-30  -10 

+10 

IN. 

(LEE) 

7° 

.0015 

0 

331(17) 

4 

122 

121 

120 

- 

334(78) 

333(77) 

332(76) 

7° 

.50 

4 

110 

111 

112,113 

' 

324 

214(43) 

323(42) 

322(41) 

10 

114 

117 

115  118 

116  119 

330(67) 

329 

328(66)  327 

326(65)  325 

(107) 

(108)  (109) 

10.5°/7° 

.50 

0 

284(90) 

4 

101 

102 

103 

287(94) 

286(93) 

285(92) 

10 

104 

105 

106 

j 

291(97) 

289(98) 

288 

290(95) 

NOTES:  RUN  NOS.  <  200  -  PITOT  &  TOTAL  TEMPERATURE  PROBE  DATA 

RUN  NOS.  >  200  -  MACH/ FLOW-ANGULAR I TV  PROBE  DATA 

{RUN  NOS.  IN  PARENTHESES  ARE  SURFACE  PRESSURE  RUN 
NUMBERS  ASSOCIATED  WITH  EACH  SURYEY) 

■i 
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3.3  Sliced  Body  w/o  Flap  -  Laminar  Flow: 

Mach  10,  Of  #  0  (References  2,  7) 

The  objective  of  this  test  series  was  to  provide  inputs  to  a 
laminar  flow  data  base  which  will  be  used  to  validate  and  develop  analy¬ 
tical  codes  for  predicting  the  hypersonic  aerodynamic  characteristics 
of  conic  and  biconic  bodies  with  single  and  multiple  slices  (flat  sur¬ 
faces}.  The  data  base  consists  of  static  force  data,  which  are  docu¬ 
mented  in  Reference  2,  and  heat  transfer,  surface  pressure,  and  flow 
field  survey  data  which  are  documented  in  Reference  7. 

The  tests  were  conducted  in  Tunnel  C  at  a  nominal  Mach  number 
of  10  and  free-stream  unit  Reynolds  numbers  of  0.55  million  and  1.0 
million  per  ft.  Static-stability,  axial -force,  and  oil  flow  data  were 
obtained  over  an  angle-of -attack  range  was  -14  to  +14  deg.  The  effects 
of  nose  radius  and  single  and  double  flat  surfaces  were  investigated. 

Oil  flow  visualization  data  were  acquired  on  the  double  flat  surface 
configuration  to  determine  the  flow  directions  in  the  vicinity  of  the 
double  flat  surface.  Static  force  data  were  obtained  on  both  the  blunted 
(R^  =  0.50")  7°  cone  and  14u'7°  bicone,  and  a  sharp  7°  cone.  The  bicone 
data  were  obtained  for  the  configuration  with  an  axi symmetric  configuration, 
a  single  windward  slice  cut,  or  a  double  windward  slice  cut. 

Heat-transfer  measurements  were  obtained  over  an  angle-of-attack 
range  from  0  to  14  degrees  with  model  roll  angles  varying  from  0  to  180 
degrees.  Model  surface  pressure  and  flow-field  survey  data  were  obtained 
at  two  angles  of  attack:  2  and  10  degrees.  Flow-field  instrumentation 
was:  (1)  a  Mach/Flow-Angul arity  probe,  (2)  a  pitot  probe,  and  (3)  a  shielded 
total  temperature  probe.  Surveys  were  taken  at  17  model  stations  {wind  and 
ieeside)  from  the  model  surface  to  the  bow  shock.  All  heat-transfer,  pres¬ 
sure  and  flow-field  survey  data  were  obtained  on  a  single  model  configura¬ 
tion:  a  14/7  degree  biconic  with  a  0.5  inch  radius  nosetip  and  flats 
(or  slices)  at  the  model  base. 
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The  location  of  the  Garden- gages,  pressure  orifices,  and  the 
coaxial  surface  thermocouples  on  the  14°/7°  bicone  are  listed  in  Tables 
9a,  9b,  and  9c,  respectively.  Shown  in  Figure  19  is  the  location  of 
the  stations  where  profiles  were  measured  which  includes  a  schematic 
of  the  surface  instrument  locations. 


A  summary  of  the  nominal  test  conditions  is  given  below: 


M 

CO 

Po(psia) 

y°R) 

qjpsia) 

Pjpsid) 

Re^xlO  /ft 

10.0 

445 

1900 

0.70 

0.009 

0.55 

10.0 

666 

1710 

1.07 

0.015 

1.00 

10.0 

304 

1900 

1.27 

0.018 

1.00 

Static  force  data  were  recorded  in  either  the  point-pause  or  sweep  mode  of 
operation,  using  the  Model  Attitude  Control  System. 

The  point-pause  data  were  obtained  for  finite  values  of  angle  of 
attack  and  model  roll  angle  with  a  delay  before  each  data  point  to  allow 
the  base  pressures  to  stabilize.  The  continuous  sweep  d3ta  were  obtained 
for  a  fixed  value  of  model  roll  angle  with  a  sweep  («)  rate  of  1  deg/sec. 

If  applicable,  the  base  pressures  were  obtained  from  a  curve  fit  of  data 
obtained  during  the  point-pause  mode  to  calculate  the  base  axial  force 
coefficient. 

Heat-transfer  distribution  data  were  obtained  with  high-sensitivity 
thermopile  heat-flux  gages.  Data  were  taken  over  an  angle-of-attack  range 
from  0  to  14  degrees  in  one  degree  increments  and  at  twenty-six  different 
model  roll  angles,  from  0  to  ISO  degrees.  Prior  to  each  run,  the  model 
was  cooled  to  a  nominal  temperature  of  530°R.  The  model  attitude  was 
preset  and  was  then  injected  into  the  tunnei  flow  for  about  five  seconds 
while  a  continuous  record  of  gage  output  was  recorded. 
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Table  9,  Model  Instrumentation  Locations 

a.  Garden  Gaae  Locations 


cam  xstag 

NO.  IN. 


-0.750 

0 

0.750 

1.237 

1.000 

0 

-2.131 

0 

-1.000 

-2.000 

-2.606 

-3-084 

-3.934 

-0.250 

0 

-3.000 
-2 .000 
-2.525 
-3.126 
-3.988 
-2.250 
-1.750 
0 

1.000 

1.750 

2.474 

2.250 

2.000 

0 

0 

-1.000 
-2.000 
-3  292 
-4 . 200 
-2.625 
-1.750 


.943 

1.246 

1.488 
1.729 
2.214 
2.395 

2.488 
2.533 
2.579 
2.711 
2.832 
2.954 
3.076 
3.198 
3.442 

3.929 

3.960 
3.888 

-3.960 

-3.843 

-3.446 

-2.814 

-1.990 

0 

3.960 

3.960 
3.831 
3.440 
-3.960 
-3.960 
-3.960 
-3.9SC 
-3.923 

3.960 

3.960 
3.767 

3.960 

3.960 

3.960 
3.72! 
3.336 
2.272 
3.945 

3.929 

3.929 

3.929 
3. 851 
3.382 
2.303 
-3 . 950 
-3.960 
-3.960 
-3.950 
-3.960 
-3.884 

3.960 

3.960 

3.960 

3.960 

3.960 

3.960 
3.561 
2.425 
-3.960 
-3,960 
-4  Qf.0 


-3.960 

-3-960 

-4.113 

-3.429 

-2.425 

0 

3.960 

3.960 

-3.960 


-SO 

135 

120 

90 

0 

-14,17 

-21.33 

-33.25 

-165.83 

-169.28 

160 

169.28 

162.5 

14.17 

0 

-29.5 

0 

-14.17 

-26.80 

-35 

-42.75 

-60 

-3.63 

0 

-14.28 

-26.98 

-33.25 

-42.75 

-60 

-150.40 

-156.16 

180 

165.83 

156.16 

147.50 

29.60 

26.80 

C 

0 

-14.17 
-26.80 
-42.75 
;  -60 
:-146 .46 
-156.16 
180 

165.83 

156.16 

143 

135 

120 

90 

37.15 

26.80 

180 


(XAPEXU 

N.  ' 

13. 

935 

15. 

148 

16 

lie 

17 

088 

19 

030 

19. 

757 

20 

258 

20. 

632 

21. 

004 

22 

075 

23 

067 

24 

060 

25 

052 

26 

045 

28 

030 

32 

000 

32 

564 

32 

564 

32 

408 

32 

408 

33 

500 

33 

500 

35 

250 

35 

250 

Table  9,  !*1odel  Instrumentation  Locations  (Cont'd) 


b.  Pressure  Orifice  Locations 


ORIFICE 

NO. 

XSTAG 

IN. 

m 

z 

IN. 

S 

IN. 

<0 

OEG. 

(*apex)7o 
IN.  ' 

101 

2.021 

0 

-0.894 

2.355 

180 

17.738 

102 

2.506 

-1.015 

2 .855 

14.223 

103 

2.991 

-1.136 

3.355 

14.708 

104 

-1.136 

0 

270 

10S 

0 

1.136 

0 

106 

1.136 

0 

90 

107 

3.476 

0 

-1.257 

3.855 

180 

15.193 

108 

4.446 

-1.499 

4.855 

16.163 

109 

5.417 

-1.741 

5.855 

17.134 

no 

7.357 

-2.225 

7.855 

19.074 

in 

8.085 

-2.406 

8.605 

19.802 

112 

8.540 

-2.488 

9.070 

20.257 

113 

8.914 

-2.533 

9.445 

20.631 

114 

9.286 

-2.579 

9.820 

21.003 

115 

10.357 

-2.711 

10.899 

22.075 

116 

12.342 

-2.954 

12 .899 

24.059 

117 

14.327 

-3.198 

14.899 

26.044 

118 

16.312 

-3.442 

16.899 

28.029 

119 

18.297 

-3.685 

18.899 

30.014 

120 

-3,685 

0 

270 

121 

0 

3.685 

0 

122 

3.685 

0 

90 

123 

20.282 

0 

-3.929 

20.899 

180 

31.599 

124 

28.283 

0 

1.62 

- 

0 

40.000 

125 

o 

-1.62 

- 

180 

c.  Coaxial  Surface  Thermocouple  Locations 


THERMOCOUPLE 

NO. 

XSTAG 

IN. 

Y 

IN. 

Z 

IN. 

S 

IN. 

& 

DEG, 

(XAPEX^q 
IN.  ' 

SURVEY 

STATIONS 

1 

6.583 

0 

-2.032 

7.057 

180 

18.300 

1,13 

2 

11.283 

0 

-2.824 

11.822 

180 

23.000 

2,14 

3 

19.533 

0 

-3.837 

20.144 

180 

31.250 

- 

4 

22.408 

0 

-3.960 

23.026 

180 

34.125 

3,15,16 

5 

26.783 

0 

-3.960 

27.401 

180 

38.500 

17 

6 

24.408 

0 

3.960 

25.026 

0 

36.125 

- 

!  7 

27.033 

0 

3.761 

27.663 

0 

38.75 

6,9 

8 

22.658 

-1.812 

3.813 

- 

-25.42 

34.375 

4, 5, 7, 8, 

9 

26.783 

-3.039 

3.621 

-40.00 

38.500 

11,12 

Model  surface-pressure  data  and  flow-field  survey  data  were 
obtained  following  the  heat-transfer  test.  Both  windward  and  leeviard 
surveys  were  made  at  two  angles  of  attack.  2  and  10  degrees  at  17 
model  locations  as  defined  in  Figures  19a  and  19b.  A  complementary 
set  of  surface-pressure  data  were  obtained  at  the  same  model  attitudes. 
For  these  data  (pressure  and  survey)  the  inode!  was  at  a  near  equilibrium 
temperature  condition;  model  wall  temperatures  were  typically  from  1000 
to  1400°R. 


Flow-field  surveys  were  taken  from  the  model  surface  to  just 
beyond  the  bow  shock.  A  survey  typically  consisted  of  30  to  60  data 
points  obtained  at  different  heights  above  the  model  surface.  The  three 
instrumentation  probes  used  for  this  test  were  mounted  in  a  probe  holder 
as  shown  in  Figure  20.  Contrary  to  the  Mach  6  tests  defined  in  Section 
3.1,  and  the  Mach  8  tests  defined  in  Sections  3.2  and  3.4  the  Mach/Flaw- 
Angularity  probe  was  co-located  with  the  Pitot  and  total  temperature  probe 
in  this  test  series.  The  probe  direction  of  travel  was  along  a  "surface 
normal 11  for  the  majority  of  the  surveys.  If  it  was  not  possible  to  obtain 
"surface  normal"  surveys  then  the  surveys  were  made  as  close  to  the  "surface 
normal"  direction  as  possible  and  these  data  groups  are  so  noted.  The  time 
required  for  taking  the  survey  data  was  significantly  reduced  during  this 
test  by  not  waiting  for  the  probe  pressures  to  always  reach  an  equilibrium 
condition.  Rather,  timewise  data  were  recorded  to  provide  a  pressure-time 
history  whereby  the  equilibrium  pressure  was  predicted.  The  sequence  of 
probe  data  acquisitic  was:  (1)  controller  moved  probe  to  programmed 
height  and  initiated  take  data,  (2)  data  acquisition  system  waited  a  pre¬ 
scribed  delay  time  (usually  3  seconds)  and  then  recorded  a  specified  number 
of  data  loops  (15  to  30)  at  constant  time  intervals  (typically  0.6  seconds) 
which  provided  time  histories  for  each  of  the  three  transducers  being  scanned, 
(3)  a  valve  position  was  changed  and  the  sequence  of  “step  2)  was  repeated, 
which  provided  the  other  three  pressure-time  histories,  (4)  steps  1  through 
3  repeated  until  all  probes  and  passed  the  model  bow  shock. 
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b.)  SLICED  SECTION  DETAILS 


Figure  19.  Model  Surface  Instrumentation  (Cont'd) 


Figure  20.  Sketch  of  Flow-Field  Probes  Mounted  in  Probe  Holder 


Probe  positioning  on  the  model  surface  was  monitored  optically. 
Survey  axial  locations  (X)  were  verified  by  using  a  scale  outline  of  the 
model  overlayed  on  the  shadowgraph  system  display.  Survey  stations  (ori¬ 
fice  locations)  were  marked  on  the  outline,  making  it  possible  to  posi¬ 
tion  the  Pitot  probe  over  the  desired  pressure  orifice  with  an  estimated 
uncertainty  of  +0.05  in.  Accurate  probe  positioning  on  the  model  surface 
was  monitored  optically  with  a  back  lighted  high  resolution  (525  lines/ 
frame)  closed-circuit  television  (CCTV)  system.  The  CCTY  camera  was 
fitted  with  a  telscopic  lens  which  gave  a  total  magnification  factor  of 
17.  The  television  image  was  used  to  verify  contact  between  the  pitot 
probe  and  the  model  surface  before  obtaining  the  first  data  point  in  a 
survey.  The  probe  spacing  was  measured  from  the  photographs  and  in¬ 
cluded  in  the  data  reduction.  Probe  positioning  for  off-centerline 
stations  on  the  7-degree  cone  (SURVEY  STATIONS  7,  10,  11,  12)  was  ac¬ 
complished  using  a  front-lighted  high  magnification  video  system. 

Mach/ Flow-Angularity  probe  calibration  data  were  taken  in  the 
freestream  at  the  beginning  of  each  test  shift  and  at  the  conclusion  of 
the  last  test  shift.  Calibration  data  were  obtained  at  different  probe 
pitch  attitudes,  from  0  to  25  degrees. 

Shielded  thermocouple  calibration  data  were  obtained  at  the 
conclusion  of  this  test  series.  For  these  data  the  tunnel  stilling 
chamber  pressure  (1^  )  was  decreased  in  100  psi  increments  from  800  to 
300  psia  while  the  total  temperature  was  simply  maintained  above  the 
air  liquefaction  temperature.  Thermocouple  probe  data  were  recorded 
at  each  pressure  level  and  were  used  to  determine  Reynolds  number  ef¬ 
fects  on  the  shielded  thermocouple  probe. 

Tables  10a  through  lOd  present  the  AEDC  data  group  numbers 
from  References  2  and  7  (and  the  complementary  data  tabulations)  for 
each  configuration  tested  and  data  type. 


97. 


ta  Summary  -  Pach  10  (Cont'd) 

Transfer  Data 
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Table  10,  Test  Data  Summary  -  ^ach  10  (Cont'd) 

c.  Model  Pressure  Data 
Re^  =  1  x  106/FT 
Sliced  14°/ 7°  Bicone,  %  -  0.5“ 


ROLL -MODEL 

ANGLE  OF  ATTACK, 

DEGREES 

DEG. 

-10 

-2 

10 

0 

81 

80 

1609 

180 

100 

- 

d.  Flow  Field  Survey  Data 
Re*,  =  1.0  x  10S/FT 
Sliced  140/70  Bicone,  Rfl  =  0.5" 


WIN 

DWARD  SURVEYS 

LEEWARD  SURVEYS 

SURVEY 

STATION 

ANGLE  OF  ATTACK.DEG. 

-2  -10 

SURVEY 

STATION 

ANGLE  OF  ATTACK, DEG. 

2  10 

1 

13 

- 

13 

14 

26 

2 

12 

23 

14 

15 

24 

3 

11 

22 

15 

16 

37 

4 

19 

28 

16 

17 

40* 

5 

20 

31 

17 

18 

39* 

6 

21 

32 

7 

44* 

45* 

8 

35 

34 

9 

36 

33 

10 

47* 

46* 

11 

48* 

49* 

12 

51* 

50* 

Notes:  •  Flow- Angularity/ Mach  Probe  calibrations: 

SURVEY:  7,  10,  25,  42,  52  ,  53 

•  *Probe  travel  was  not  "surface  normal 11  for  these  SURVEYS. 

•  Shielded  thermocouple  probe  measurements  were  all  outside  the 
model  boundary  layer  for  the  following  SURVEYS:  11-13,  19, 
22,  23,  28,  31,  33,  44-50 
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3.4  Sliced  Body  w/Flap  -  Turbulent  Flow: 

Moo=  8*  a  £  0  (References  3  and  8) 


The  objective  of  this  series  of  tests,  conducted  under  the  MAT 
auspices,  was  to  provide  additional  data  to  verify  and  develop  computer 
codes  to  predict  aerodynamic  and  aerothermal  characteristics  of  maneuvering 
vehicles.  This  specific  series  concentrated  on  obtaining  data  on  the 
sliced  configuration  with  and  without  flaps  for  turbulent  boundary  layer 
conditions  over  an  angle  of  attack  range  from  0  to  20°.  The  tests  were 
conducted  in  Tunnel  B  at  a  nominal  Mach  number  of  8  and  a  freestream  unit 
Reynolds  number  of  3.7  x  lO^/FT*1. 

During  this  series,  tests  were  conducted  in  three  entries: 

(1)  heat  transfer  and  oil  flow  visualization,  (2)  shock  layer  profiles 
and  model  surface  pressure,  ^nd  (3)  static  force  and  moment  measurements. 
There  were  two  major  differences  between  this  test  series  and  those  con¬ 
ducted  prior  to  this;  specifically  (1)  the  inclusion  of  the  flaps  and 

(2)  the  acquisition  of  data  at  i  -  20°.  Windward  and  leeward  surveys 
were  obtained  at  several  model  stations,  from  the  model  surface  to  the 
bow  shock,  using  a  probing  mechanism  located  on  top  of  the  tunnel.  Flow 
field  probes  on  the  survey  mechanism  included  Pitot  probes,  an  unshielded 
thermocouple  probe,  a  Preston  tube  and  a  Mach/Flow  Angularity  probe. 

Surface  pressures  were  measured  to  provide  pressure  data  for 
boundary  layer  calculations,  and  heat  transfer  distributions  were  obtained 
to  determine  the  boundary  layer  state.  To  provide  the  desired  fully- 
developed  turbulent  boundary  layer,  a  machined  boundary  layer  trip  was 
used  for  the  majority  of  the  tests.  Surface  shear  stress  data  were 
obtained  using  a  Preston  tube  attached  to  the  probe  mechanism.  Model 
angles  of  attack  were  varied  from  0  to  20  degrees  and  model  roll  angles 
were  varied  from  0  to  180  degrees.  Static  stability  and  axial  force  data 
were  obtained  over  an  angle  of  attack  range  of  -  4  to  20  degrees  and  a 
sideslip  angle  range  of  -2  to  2  degrees.  The  effects  of  model  nose  blunt¬ 
ness  (sharp  or  spherical),  body  geometry  (sliced  or  unsliced),  and  booy 
flap  angle  (0,  10,  20,  or-  split  20/10  degrees)  were  investigated. 
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A  summary  of  the  nominal  test  condition  for  these  tests  is  given 

below: 

!k  Po(Ps1a)  T0{°R)  q^lpsia)  p«(psia)  Rew  x  lO'VFT 
8.0  050  1350  3.900  0.087  3.7 

For  the  heat  transfer  test  entry,  the  model  was  instrumented  with 
82  (Gardon-type)  heat  flux  gages  and  for  the  flow  field  study,  the  model 
was  instrumented  with  88  pressure  orifices  and  20  coaxial  surface  thermo¬ 
couples  as  shown  in  Figures  21  and  22.  The  location  of  the  surface 
instrumentation  is  given  in  Table  11.  After  the  heat  transfer  test  entry 
and  prior  to  the  survey  tests  the  Garden  gages  were  removed,  the  holes  were 
plugged  or  replaced  with  coaxial  gages  and  the  afterbody  was  replaced  with  a 
pressure  instrumented  afterbody.  The  pressure  orifices  in  the  afterbody 
were  located  at  the  same  locations  as  the  Garden  gages,  except  as  noted 
in  Figure  22.  The  coaxial  gages  (surface  thermocouples)  were  added  for 
the  survey  tests  to  provide  model  surface  temperature. 

Three  flap  assemblies  were  used:  heat  transfer,  full  span  pres¬ 
sure,  and  split  pressure  as  depicted  in  Figure  23.  The  heat  transfer 
flap  was  a  full  span  adjustable  deflection  flap  instrumented  with  nine 
Garden  gages.  The  full  span  pressure  flap  was  essentially  the  same  as 
the  heat  transfer  flap  except  for  instrumentation.  The  split  pressure 
flap  had  fixed  deflection  angles  of  10  and  20  degrees  for  its  two  sides 
and  was  instrumented  with  seven  orifices  and  two  coaxial  surface  thermo¬ 
couples.  Specific  gage  and  orifice  locations  are  presented  in  Table  12. 

The  nosetips  used  in  this  investigation  consisted  of  a  sharp 
conical  nose  with  a  radius  of  0.005  inches  and  spherically  blunted  noses 
with  radii  of  0.500  inches  and  machined  trip  heights  of  0.013,  0.033, 
and  0.060  inches  (Figure  6). 
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Figure  22.  Model  Surface  Instrumentation,  Sliced  Region  Detail 
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MODEL  BASE— ^  W—  0.5  TYP. 


Table  11.  Model  Instrumentation  Locations 

a.  Gardon  and  Coax  Gage  Locations 


GARDON 


GAGE  NO. 

X,  In  * 

Y, 

Ip. 

S,  In. 

OMEGA , d 

101 

2.658 

0 

.908 

2.981 

3 

102 

3.887 

1.136 

4.231 

103 

5.116 

1.  364 

5.481 

104 

6.097 

1.546 

6.479 

105 

7.080 

1.728 

7.479 

106 

8.066 

1.911 

8.481 

107 

8.924 

2.070 

9.334 

108 

9.786 

2.230 

10.231 

109 

10.770 

2.412 

11.231 

110 

11.267 

2.488 

11.734 

111 

11.639 

2.533 

12.109 

112 

12.011 

2.579 

12.484 

113 

13.082 

2.711 

13.563 

114 

14.075 

2.833 

14.563 

115 

15.067 

2.955 

15.563 

116 

16.060 

3.077 

16.563 

117 

17.052 

3.198 

17.563 

118 

18.045 

3.320 

18.563 

119 

19.037 

3.442 

19.563 

120 

20.030 

3.564 

20.563 

121 

20.725 

3.649 

21.263 

122 

22.015 

3.808 

22.563 

123 

23.007 

! 

r 

3.930 

23.563 

COAX 

GAGE  NO. 

X.  In. 

Y, 

In  ■ 

Z,  In. 

OMEGA.  < 

1 

25.381 

C 

3.960 

i) 

2 

25.381 

-1.812 

3.813 

"25.42 

3 

27.131 

C 

3 . 960 

0 

4 

28.006 

-1.500 

3 . 960 

»2 

.  IS 

5 

29.756 

0 

3.620 

0 

6 

29.506 

-2.000 

3.807 

-.28,12 

7 

29.506 

-3.039 

3.621 

-40.00 

9 

25.006 

-1.000 

-3.960 

-163.83 

10 

25.131 

C 

-3.960 

1 80 . 00 

1 1 

29.006 

-2.250 

-3.960 

-150.40 

12 

29.506 

0 

-3,960 

1 80 . 00 

13 

22.256 

0 

-3.838 

1 80 . 00 

14 

1 4 . 006 

0 

-2.824 

'  130. OQ 
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Table  11.  Model  Instrumentation  Locations  (Cont'd) 

b.  Pressure  Orifice  Locations 


PBESSUKE 
ORIFICE  NO. 

Y, 

in. 

2.  in. 

S.  In. 

OMEGA 

101 

2.638 

s 

) 

-  .908 

2.9a 

180 

102 

3.149 

1 

t 

-  .999 

3.481 

180 

103 

3.149 

-  .999 

0 

3.481 

270 

104 

3.149 

0 

.999 

3.481 

C 

) 

103 

3.149 

.999 

0 

3.481 

90 

106 

4.133 

C 

) 

-1.182 

4.481 

180 

i  0  7 

3.116 

-1.364 

5.481 

108 

6.099 

-1.546 

6.481 

f 

109 

8.066 

-1.911 

8.481 

110 

10.032 

-2.275 

10.481 

111 

10.770 

-2.412 

11.231 

112 

11.267 

-2.488 

11.734 

113 

1.1.639 

-2.533 

12.109 

114 

12.011 

-2.579 

12.484 

US 

13.082 

-2.711 

13.563 

116 

15.067 

-2.955 

15.563 

117 

17.052 

-3.198 

17.563 

UB 

19.037 

-3.442 

19.563 

1 

1 

119 

21.022 

1 

-3.686 

21.563 

1 

120 

21.022 

-3.686 

0 

21.563 

270 

121 

21.02? 

0 

3.686 

21.563 

( 

3 

122 

21.02;' 

3.686 

0 

21.563 

90 

123 

23.00/ 

0 

-3.930 

23.563 

180 

9103 

5.116 

1.364 

5.481 

( 

3 

9109 

10.770 

2.412 

11.231 

9113 

13.082 

2.711 

13.563 

9113 

13.067 

3.077 

16.563 

9117 

17.052 

3.198 

17.563 

9119 

1,9.037 

1 

3.442 

19.563 

1 
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17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


23.J69 

0 

23.569 

-C. 933 

23.413 

0 

1 

1 

1.030 

1.990 

2.814 

3.446 

23.413 

3.979 

24.506 

0 

-1.000 

-1.496 

-2.255 

-1.000 

-0.750 

0 

0.750 

1.237 

24.506 

1.000 

26.256 

0 

26.256 

-2.131 

28.006 

0 

-1.000 

-2.000 

-2.606 

-3-084 

28.006 

-3.934 

28.381 

-0.250 

28.506 

0 

-1.000 

-2.000 

-2.525 

-3.126 

t 

c 

-3.988 

t 

-2.250 

Locations  (Cont'd) 


Gage  Locations 


Z,  In. 

S.  In. 

OMEGA, rfej 

3.960 

24.124 

0 

3.888 

24.124 

-13-50 

-3.960 

23.968 

180.00 

-3.843 

23.969 

165.00 

-3.446 

150.00 

-2.814 

135.00 

-1.990 

120.00 

0 

90.00 

3.960 

25.061 

0 

3.960 

— 

-14.17 

3.831 

25.070 

-21.33 

3.440 

25.070 

-33.25 

-3.960 

— 

-165.83 

-3.960 

-169.28 

-3.960 

25.061 

180.00 

-3.960 

— 

169.28 

-3.923 

25.070 

162.50 

3.960 

— 

14.17 

3.960 

26.811 

0 

3.767 

26.834 

-29-50 

3.960 

28.561 

0 

3.960 

— 

-14.17 

3.960 

— 

-26.80 

3.721 

28.597 

-35.00 

3.336 

28.597 

-42.75 

2.272 

28.597 

-60.00 

3.945 

— 

-3.63 

3.929 

29.061 

0 

3.929 

— 

-14.28 

3.929 

— 

-26.98 

3.851 

29.100 

-33.25 

3.382 

29.100 

-42.75 

2.303 

29.100 

-60.00 

-3.960 

— 

-150.40 
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Table  11 


Model  Instrumentation  Locations  (Cont'd) 


c.  Orifice  and  Gardon  Gage  Locations  (Cont'd) 


Orifice  or 
Gage  Nuaber 

X, 

In* 

Y,  In. 

Z  »  in  • 

S ,  in. 

OMEGA  t 

51 

28. 

506 

-1.750 

-3.960 

____ 

-156.16 

52 

0 

-3.960 

29.061 

180.00 

53 

1.000 

-3.960 

— 

165.83 

54 

1.750 

-3.960 

— 

156.16 

55 

2.474 

-3.884 

29.100 

147.50 

56 

2.250 

3.929 

— 

29.60 

57 

28. 

506 

2.000 

3.929 

— 

26.80 

58 

29. 

006 

0 

3.568 

29.561 

0 

59 

30. 

506 

0 

3.684 

31.061 

0 

60 

-1.000 

3.684 

— 

-14.17 

61 

-2.000 

3.684 

— 

-26.80 

62 

-3.292 

3.561 

31.115 

-42.75 

63 

-4.200 

2.425 

31.115 

-60.00 

64 

-2.625* 

-3.960 

— 

-146.46 

65 

-1.750 

-3.960 

— 

-156.16 

66 

0 

-3.960 

31.061 

180.00 

67 

1.000 

-3.960 

— 

165.83 

68 

1.750 

-3.960 

156.16 

69 

2.919 

-4.113 

31.115 

143.00 

70 

l 

3.429 

-3.429 

31.115 

135-00 

71 

4.200 

-2.425 

31.115 

120.00 

72 

1 

4.850 

0 

31.115 

90.00 

73 

F 

3.000 

3.684 

— 

37.15 

74 

30. 

1 506 

2.000 

3.684 

— 

26.80 

75 

23. 

881 

0 

-3.960 

24.436 

180.00 

i 


Y  «  -2.625  for  Gage  64  and  Y  » 
All  others  at  same  dimensional 


-2.750  for  Orifice  64, 
locat ions  , 


f 

i 


Table  12,  Flap  Instrumentation  Lo  ons 


Pressure  Flap 


Orifice  or 


Split  Flap 


couple(TG)  No. 

X*,  in. 

XF 

Y;  YF ,  in  . 

6  *, 

deg 

76 

28  .995 

2  .50 

0 

10 

77 

29 .979 

1  .50 

1  .500 

78 

29  .979 

1.50 

0 

79 

29 .979 

1.50 

-1.000 

80 

30.964 

0.50 

2  .000 

81 

30  .964 

0.50 

0 

82 

30  .964 

0  .50 

-1 .000 

TG15 

29.487 

2  .00 

0 

TG16 

30  .4  72 

1 .00 

-1  .000 

(Gardon  Gage) 

-1 

76 

29  .487 

2  .00 

1 .000 

10 

77 

29.487 

2  .00 

0 

78 

29  .487 

2  .00 

-1.2500 

79 

30.226 

1.25 

1 .000 

80 

30  .226 

1 .25 

0 

81 

30  .226 

l  .25 

-1  .250 

82 

30.718 

0.75 

1  .000 

83 

30 .718 

0  .75 

0 

84 

30.718 

0.75 

-1  .250 

1 

! 

(Pressure  or 

TG) 

83 

29  .995 

2  .50 

-0.250 

10 

84 

29  .900 

1.50 

1 .000 

20 

85 

29  .979 

1.50 

-0  .250 

10 

36 

29  .979 

1.50 

-1.500 

10 

87 

30  .840 

0.50 

1.000 

20 

88 

30.964 

0.50 

-0  .250 

10 

89 

30.964 

0.50 

-2.000 

10 

TG15 

30  .472 

1 .00 

1.000 

10 

TG16 

30  .472 

1 .00 

-1.000 

20 

X  locations  for  Heat  and  Pressure  Flap  quoted  for  a 


nominal  6, 


10°  . 
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The  X-Y-Z  overhead  probe  drive  referred  to  earlier  in  this  report 
was  used  to  survey  the  flow  field.  The  probe  holder  assemblies  attached 
to  this  probe  drive  are  illustrated  in  Figures  24  and  25.  The  flattened 
Pitot,  upper  Pitot,  total  temperature  and  Preston  tube  probes  were  mounted 
in  one  probe  holder,  while  the  Mach/Flow-Angularity  probe  was  mounted 
separately.  The  upper  Pitot  was  moved  from  2  inches  to  3  inches  above  the 
pitot,  Preston,  and  total  temperature  probes,  when  leeward  surveys  were 
performed.  It  should  be  pointed  out  that  in  this  series  of  tests,  the  Mach/ 
Flow-Angularity  measurements  were  made  using  a  separate  probe  for  a  more 
efficient  use  of  the  tunnel  since  considerable  delay  times  are  required 
for  pressure  stabilization  relative  to  the  pitot  pressures.  For  this 
reason,  only  limited  Mach/Flow-Angularity  data  were  obtained. 

Probe  sizes  and  geometries  similar  to  those  shown  earlier  were 
used  in  this  series.  The  small  flattened  pitot  and  unshielded  total 
temperature  probes  were  used  to  obtain  measurements  close  to  the  surface 
within  the  boundary  layers  and  yet  remain  parallel  to  the  model  surface. 
Pitot  pressure  measurements  were  made  using  transducers  referenced  to 
near  vacuum.  The  unshielded  thermocouple  probe  had  a  wire  junction  diameter 
of  approximately  0.007  inches.  A  reference  dimension  of  0.005  inches  was 
used  for  data  reduction  purposes.  The  time  response  anu  the  resolution  of 
the  probe  location  are  improved  by  using  such  small  probes.  Total  tempera¬ 
ture  probe  uncertainties  associated  with  the  heat  transfer  between  the 
probe  and  environment  were  accounted  for  in  the  freestream  probe  calibration 
(convection  and  conduction  effects).  Probe  positioning  in  the  vicinity  of 
the  model  surface,  probe  deflections  and  probe  spacing  were  measured  and 
monitored  optically  with  the  VKF  closed  circuit  television  (CCTY)  system 
described  in  Section  3.3. 

Static  force  data  were  recorded  in  either  the  point-pause  or 
sweep  mode  of  operation  using  the  MACS.  Point-pause  data  were  obtained  for 
finite  values  of  a  and  6  with  a  delay  before  each  data  point  to  allow  the 
base  pressures  to  stabilize.  These  data  were  used  to  define  the  base 
axial  force  coefficient  variation  with  angle  of  attack  and  sideslip  angle. 
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Figure  24.  Probe  Holder  Assembly  with  Total  Temperature,  Pitot  and  Preston  Probes 


DRIVE  DIRECTION 


Figure  25.  Probe  Holder  Assembly- Mach/Flow-Angularity  Probe 


These  data  were  obtained  over  the  model  attitude  range  for  each  primary 
configuration  and  were  used  to  provide  the  base  axial  force  corrections  for 
subsequent  variations  in  flap  deflection  or  for  a  similar  configuration. 

The  base  pressure  runs  are  identified  in  the  test  summary.  The  continuous 
sweep  data  were  obtained  for  a  fixed  value  of  <f>  with  a  sweep  rate  of  1.0 
deg/sec. 


Data  acquired  during  this  test  series  consisted  of  (a)  surface 
(cold  wall)  heat  transfer,  (b)  oil  flow  and  heat  sensitive  paint  visuali¬ 
zation,  (c)  surface  pressure,  (d)  overhead  probe  surveys  (i.e.,  Pitot 
pressure,  total  temperature,  and  Preston  tube),  (3)  Mach/ Flow  Angularity 
calibrations,  (f)  total  temperature  probe  calibrations,  and  (g)  static 
force  data.  The  procedure  utilized  to  acquire  these  data  were  similar  to 
those  described  in  Sections  3.1  to  3.3  with  the  following  two  exceptions. 

(1)  Oil  flow  runs  were  made  at  the  end  of  the  heat  transfer  shift 
to  visualize  the  flow  angularity  over  the  aft  section  of  the  model.  Oil 
was  applied  and  the  model  injected  into  the  flow  for  approximately  15 
seconds.  Photographs  of  the  upper  and  lower  cut/slice  regions  of  the 
model  were  taken  at  1  frame  per  second. 

(2)  A  small  amount  (2  RUNS)  of  qualitative  heating  data  were  obtained 
on  the  10  degree  flap  with  the  phase-change  paint  thermal  mapping  technique 
(Reference  9).  A  thin  sheet  (0.032  inches  thick)  of  synthetic  rubber  was 
bonded  to  the  flap  to  provide  an  insulated  surface.  High  heating  regions 
were  noted  by  observing  the  progression  of  melt  (phase  change)  with  time. 
The  results  were  recorded  photographically  in  the  same  manner  as  for  oil 
flow. 


Total  temperature  probe  calibrations  were  conducted  in  the  free- 
stream  for  each  probe  used.  For  these  calibration  runs,  the  total  pressure 
(PT)  was  changed  in  nominal  50  psi  increments  from  190  to  850  psia.  Total 
temperature  probe  data  and  tunnel  conditions  were  recorded  at  each  pressure 
level  and  used  to  determine  Reynolds  number  effects  on  the  unshielded  total 
temperature  probes.  In  addition  to  this  Reynolds  number  calibration  which 
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is  built  into  the  final  data  presented  for  the  T0  probe,  the  sensitivity 
of  pitot  probe  and  total  temperature  readings  to  flow  misalignment  were 
also  obtained  in  the  Mach  8  freestream.  Data  were  recorded  at  discrete 
probe  pitch  attitudes  from  -22°  to  +10°.  Contrary  to  the  Reynolds  number 
calibration  corrections  which  are  built  into  the  final  data  To  tabulations, 
the  a  sensitivity  data  were  not  built  into  the  final  data  since  the  probe 
misalignment  at  each  spacial  setting  is  not,  in  general,  known.  This 
will  be  discussed  further  in  Section  4. 

Tables  13a  through  13d  present  the  AEDC  data  group  numbers  from 
References  3  and  8  (along  with  the  complementary  data  tabulations)  for  each 
configuration  and  data  type. 
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Table  13.  Test  Data  Summary 

10.5°/7°  Sliced  Bicone  with  Flap 

M.  -  8  Re„  =  3.7  x  106/ft 


a.  Force  and  Moment  Data 


Table  13.  Test  Data  Summary  -  (Cont'd) 

10.5°/7.0°  Sliced  Bicone  with  Flap 

M.*  8  Re^  -  3.7  x  106/FT 


c.  Heat  Transfer  and  Oil  Flow  Data 


FORfBOOt  GAS £  RA1  AHGLE 

FROM  WI HOWARD, 

DEGREE 

0 

46 

90 

135 

180 

MODEL  ROLL 

DEGREES 

u° 

0 

45 

90 

135 

180 

0 

69* 

* 

- 

- 

- 

20 

70* 

_ 

_ 

- 

- 

0 

36 

37 

38 

39 

40 

2P 

45 

44 

43 

42 

41 

SWEEP 

47 

- 

- 

- 

46 

0 

57.62* 

- 

- 

- 

-  t 

4 

58,63* 

- 

- 

- 

- 

!Q 

59,64* 

- 

- 

- 

- 

20 

60,65* 

- 

- 

- 

- 

26 

27 

28 

29 

30 

35 

34 

33 

32 

31 

- 

- 

- 

- 

25 

2,9 

- 

- 

- 

1.8 

7 

6 

5 

4 

3 

14 

15 

16 

17 

18 

23 

Z2 

21 

20 

19 

- 

- 

- 

- 

24 

- 

- 

- 

- 

10 

12 

- 

- 

- 

11,13 

56 

- 

- 

- 

- 

55 

- 

- 

- 

- 

54 

- 

- 

- 

- 

53 

- 

- 

- 

- 

7b?76* 

51,52,66* 

- 

- 

- 

- 

50.67* 

- 

- 

- 

- 

45,68* 

- 

- 

- 

- 

48 

- 

- 

- 

- 

•  Indicate!  Oil  flow  Data  Ren 

*  Indicates  Paint  Can  Run 

S  iLEP  -  10.5°  -  u  -  0° 


Table  13,  Test  Data  Summary  -  (Cont'd) 

10,5°/7°  Sliced  Bicone  with  Flap 

M  -  8  Re  e  3.7  x  1G6/FT 

OO  00 

d.  Shock  Layer  Survey  &  Surface  Shear  Data 


KACH/aOtf  angularity  probe 


4.0  SHOCK  LAYER  SURVEY  DATA  REDUCTION 
AND  PROBE  CALIBRATION  ISSUES 


Pitot  pressure  and  total  temperature  probes  are  sensitive  to  flow 
alignment,  and  consequently  were  calibrated  for  this  effect  during  the 
course  of  this  investigation.  In  addition,  the  unshielded  total  temperature 
probes  are  also  Reynolds  number  dependent  and  therefore,  as  mentioned  in 
Section  3,  were  also  calibrated  for  this  effect.  In  this  section,  the 
probe  calibrations  will  be  discussed  and  summary  highlights  of  these  re¬ 
sults  will  be  presented. 

During  the  course  of  those  experiements  which  predated  the  MAT 
program,  data  reduction  procedures  were  established  to  not  only  provide 
probe  corrections  to  the  data  but  also  to  define  local  state  variables  in 
the  boundary  layer  and  the  entire  shock  layer.  To  perform  this  boundary 
layer  type  analysis  the  assumption  was  made  that  the  static  pressure  along 
a  line  normal  to  the  wall  is  constant  throughout  the  shock  layer.  This 
assumption  is  not  correct  outside  the  boundary  layer  and  leads  to  incorrect 
properties  in  the  shock  outside  the  boundary  layer.  This  will  also  be 
discussed  in  this  section. 

4.1  Unshielded  Total  Temperature  Probe 
Reynolds  Number  Correction 


The  total  temperature  measurements  in  the  shock  layer  were  generally 
made  with  an  unshielded  total  temperature  probe.  The  probe  was  constructed 
from  0.010  inch  O.D.  sheathed  thermocouple  housing  with  0.0015  inch  diameter 
wires.  The  junction  formed  by  joining  the  two  wires  together  was  nominally 
0.005  inches  in  diameter.  The  unshielded  total  temperature  probe  was  cali¬ 
brated  in  the  freestream  to  provide  a  recovery  factor,  n,  as  a  function  of 
Reynolds  number,  as  defined  by 


T°m 


1  +  M2 
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where  n  =  aQ  +  ai  Re01//jl.  Here,  M  is  the  local  Mach  number,  v  is  the  specific 
heat  ratio,  ag  and  a1  are  calibration  constants,  Re0  is  the  local  Reynolds 
number  with  viscosity  based  on  the  total  temperature,  To-*  and  To/V,,  is  the 
ratio  of  the  corrected  to  measured  total  temperature.  The  calibration  given 
in  the  equation  above  is  discussed  by  Varner  (Reference  IV)  and  la  compatible 
with  the  correlation  for  cylinders  in  incompressible  flow  m  defined  in 
Reference  18. 

It  should  be  noted  that  the  calibration  n  vs,  ift  probe 

specific  and  consequently  was  performed  in  each  teat  aeries  and  was  fre¬ 
quently  repeated  with  a  given  probe,  for  verification.  Shown  In  figure  28 
is  a  representative  total  temperature  probe  calibration  which  mb  obtained 
with  the  probe  in  the  freestream  and  which  was  used  to  define  the  conifcantu 
aQ  and  aj.  Although  this  calibration  was  obtained  at  one  value  of  Maeh 
number,  earlier  results  were  obtained  at  several  Mra'&  from  t.B  to  6,  ami 
the  results  could  be  expressed  adequately  by  a  simple  T(5  variation,  as 
shown.  This  correction  is  built  into  the  final  data  package  and  permits  the 
iterative  correction  of  (TTLU)  to  (TTL),  1,6.,  the  uncorrocted  to  corrected 
total  temperature.  Throughout  each  tost  series  one  will  find  data  group 
defining  where  these  calibrations  were  performed  and  the  groups  which  w»re 
affected  by  each  calibration.  A  representative  listing  from  the  MAT  program 
test  series  is  shown  in  Table  14. 

4.2  Angle-of-Attack  Prob®  Calibration* 

It  is  well  known  that  flow  field  survey  measurement a  arc  nenaitive 
to  each  probe's  alignment  with  the  flow.  Consequently  the  probe*  used  In 
the  current  test  series  were  periodical  ly  cal  I brn ted  in  the  freustrsnm  a* 
a  function  of  ALPT  or  angle  of  attack.  Shown  In  Figure  2?  1*  n  typical  ■» 
calibration  of  the  Pitot  and  total  temperature  probes  taken  over  a  ?6°  range 
in  ALPT.  Results  from  these  tests  Indicate  that  these  n  calibrations  are 
peculiar  to  each  probe.  Hence  a  calibrations  were  periodically  performed, 
especially  when  the  probe  tip  was  changed,  for  whatever  reason,  for  measure 
ments  taken  in  the  shock  layer,  where  the  probe  tip  was  nominally  aligned 
parallel  to  the  local  model  surface,  the  probe  becomes  misaligned  with 
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Figure  26.  Representative  Total  Temperature  Probe  Calibration 


Figure  27,  Representative  Pitot  and  Total  Temperature  Probe  Calibration  with  a 


Table  14.  Total  Temperature  Probe  Calibration  Data  from  the 
MAT  Program  Test  Phase 


RUN 

PT.psia 

remarks 

5 

500  -v  850 

ALPT  =  0 

USED  IN  OBTAINING  CURVE  FIT  FOR  RUNS  5  +  39 

14 

350  -*•  850 

ALPT  =  0 

USED  IN  OBTAINING  CURVE  FIT  FOR  RUNS  5  +  39 

15 

550  •*  850 

ALPT  =  0 

USED  IN  OBTAINING  CURVE  FIT  FOR  RUNS  5  39 

39 

187  •+  853 

ALPT  =  0 

USED  IN  OBTAINING  CURVE  FIT  FOR  RUNS  5+39 

40 

550  -  850 

ALPT  =  0 

USED  IN  OBTAINING  CURVE  FIT  FOR  RUNS  40  +  44 

61 

200  +  850 

ALPT  =  0  DEG 

USED  IN  OBTAINING  CURVE  FIT  FOR  RUNS  45  +  61 

62 

570  +  850 

ALPT  =  0  DEG 

USED  IN  OBTAINING  CURVE  FIT  FOR  RUNS  62  +  87 

73 

850 

10  >  ALPT  >  -20  DEG 

USED  TO  NOTE  EFFECT  OF  ANGLE  OF  ATTACK  ON  PROBE  OUTPUT 

87 

200  -*■  850 

ALPT  =  4.4  DEG 

USED  IN  OBTAINING  CURVE  FIT  FOR  RUNS  62  +  87 

88 

553  +  850 

ALPT  -  0  DEG 

USED  IN  OBTAINING  CURVE  FIT  FOR  RUNS  88  +  108 

108 

300  +  804 

ALPT  =  0  DEG 

USED  IN  OBTAINING  CURVE  FIT  FOR  RUNS  88  ->  108 

the  local  flow  as  it  is  incremented  away  from  the  model  surface.  When  the 
probe  penetrates  the  bow  shock  the  misalignment  is  greatest. 

Since  the  flow  direction  in  the  shock  layer  is,  in  general, 
unknown  one  cannot  readily  apply  this  probe  a  correction  to  the  data.  Con¬ 
sequently  the  published  data  from  the  entire  bicone  test  series  does  not 
contain  this  correction.  Scanning  the  results  of  the  several  probe  cali¬ 
brations  indicates  that  the  ratio  ( PP/PT)  varies  by  3-5%  for  a  =  0  20° 

and  that  the  ratio  {TTLU/TT)  varies  by  1-6%  in  this  same  a  range.  These 
errors  can  affect  the  deduced  Mach  number  by..+0.2atK>7  and  less  than 
+  0.1  at  M  <  4. 

As  stated  above,  since  the  flow  direction  at  an  arbitrary  point 
in  the  shock  layer  is  unknown,  a  priori,  the  following  recommendation  for 
the  use  of  this  a  calibration  is  suggested.  Since  one  of  the  primary  ob¬ 
jectives  of  acquiring  these  data  is  to  validate  detailed  computer  codes 
(i.e.,  PNS  or  Inviscid),  and  since  the  orientation  of  the  probe  is  known, 
a  correction  can  be  made  on  a  point  by  point  basis  by  defining  the  probe 
misalignment  using  the  theory  to  define  the  "true"  flow  direction  (clearly 
an  assumption).  Using  this  value  of  to,  a  correction  can  be  made.  The 
validity  of  this  assumption  can  be  ascertained  by  utilizing  the  limited 
quantity  of  Mach/Flow-Angularity  data.  One  notes  that  this  correction  is 
not  significant,  consequently  this  procedure  should  be  more  than  adequate. 

4.3  Boundary  Layer  Type-Data  Reduction 

In  general,  the  preponderance  of  shock  layer  profile  data  consisted 
of  measuring  the  local  Pitot  pressure  and  total  temperature  at  various  points 
from  the  model  surface  to  the  bow  shock,  and  slightly  beyond.  The  authors 
Strongly  recommend  that  comparisons  of  theory  and  data  be  maae  by  directly 
comparing  the  experimentally  measured  Pitot  pressure  (normalized  by  Pf  ) 
and  Reynolds  number  corrected  total  temperature  (also  normalized,  here  with 
T0oo)  with  values  deduced  numerically.  That  is,  in  the  numerical  simulations, 
all  of  the  local  state  variables  are  known,  consequently  one  can  readily 
define  (PP/PT)  and  (TTl/TT).  No  assumptions  are  required.  The  inverse  is 
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not  true  however;  that  is,  if  one  wishes  to  define  the  local  state  variables 
from  the  experimental  data  one  must  invoke  critical  assumptions  since  the 
local  static  pressure  in  the  shock  layer  is  unknown,  only  the  wall  value 
is  known.  Shown  in  Figure  28  are  the  static  pressure  profiles  computed 
for  a  blunted  7°  cone  with  the  parabolized  Navier- Stokes  (PNS)  solution 
of  Reference  19.  This  figure  presents  the  normalized  static  pressure  profile 
versus  a  normalized  shock  layer  thickness.  One  will  note  that  the  classical 
assumption  that  3p/3y  in  the  boundary  layer  is  zero  is  quite  valid  here. 
However  gradients  exist  outside  of  the  boundary  layer  and  consequently  the 
constant  Pw  assumption  in  the  shock  layer  is  poor.  To  further  illustrate 
that  large  static  pressure  gradients  exist  in  the  shock  layer,  PNS  calcula¬ 
tions  were  also  made  in  the  flap  region  for  the  10.5°/7°  bicone,  for 

=  8,  a  =  0°,  and  6  =  10°  (Figure  29).  Rather  dramatic  departures  from 
the  wall  static  pressure  are  seen  through  the  shock  layer. 

Nevertheless  the  final  data  reduction  performed  at  AEDC  used  the 
local  values  of  PP  and  TTL  in  concert  with  the  local  wall  static  pressure 
(assumed  to  be  constant  in  the  shock  layer)  to  deduce  the  state  variables. 

That  is,  from  Pw  and  PP  one  can  deduce  M;  than  witn  M  and  TTL  known  one 
can  deduce  the  local  T,  etc.  Although  this  analysis  was  performed  through¬ 
out  the  shock  layer,  it  is  clearly  valid  only  in  the  boundary  layer,  and 
the  final  results  therein  can  be  used  with  confidence.  Shown  in  Figure  30 
is  a  sample  of  the  final  reduced  data  made  using  this  constant  Pw  assumption. 
Values  of  and  U[_  defined  at  ZP  <  0.18"  are  clearly  valid,  however  values 
beyond  this  point  are  incorrect.  One  notes,  for  example,  that  beyond  the 
bow  shock  in  the  freestream  M^/Mg  =  0.6  and  Ul/u£  2  0.83. 

In  this  post  test  analysis  procedure,  the  viscous  layer  thick¬ 
nesses  were  also  deduced  from  the  measured  data.  This  analysis  was  based 
on  the  experimental  definition  of  the  boundary  layer  thickness.  For 
these  tests  it  must  be  based  on  the  character  of  the  total  temperature  profile 
rather  than  the  velocity  profile.  That  is,  for  blunted  bodies,  in  regions 
of  entropy  layer  swallowing,  velocity  gradients  exist  at  the  boundary  layer 
edge  rendering  this  method  of  defining  5  intractable.  The  total  temperature 
can  be  used  to  define  the  boundary  layer  thickness,  albeit  the  thermal 
thickness  and  not  the  classical  velocity  thickness  as  illustrated  below. 
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Figure  28  =  Static  Pressure  Distributions  Through  the  Shock  Layer 


STATIC  PRESSURE,  p/p^ 

Figure  29.  PNS  Predicted  Flap  Region  Static  Pressure  Profiles 
Through  the  Shock  Layer 


30,  Illustrative  Example  of  Reduced  'HYTAC'  Data  -  10,50/7°  Bicone 

a  =  -10°,  6p  =  10°,  STATION  76 


In  the  data  analysis  at  AEDC,  the  boundary  layer  thickness  is  defined  as 
that  distance  above  the  model  surface  where  the  total  temperature  attains  a 
value  of  either  0.9975  T0oo  for  profiles  with  no  overshoot  or  1.0025  T0(M  for 
profiles  with  a  significant  overshoot.  Based  on  the  boundary  layer  thick¬ 
ness  defined  in  this  manner,  the  displacement,  momentum,  kinetic  energy, 
and  total  enthalpy  thicknesses  (o,  0,  63,  and  64,  respectively)  are  also 
presented-  These  thickness  parameters  have  a  well-defined  physical  inter¬ 
pretation  only  for  flows  in  which  the  velocity  asymptotes  to  a  constant  edge 
value  (i.e.,  sharp  cone  flow).  Based  on  a  well-defined  boundary  layer  edge 
condition,  they  are,  however,  mathematically  unique  and  can  provide  additional 
insight  into  interpretation  of  local  flow  field  behavior  especially  if  one  is 
comparing  results  to  boundary  layer  formulations.  The  thicknesses  are  defined 
as  follows: 
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where  ec  is  the  local  cone  angle  and  rw  Is  the  body  radius  measured  normal 
to  the  model  centerline.  Shown  in  the  Appendix  is  an  example  of  the  complete 
results  of  this  boundary  layer  analysis.  For  each  of  the  tests  performed  in 
this  test  series,  that  is  both  those  conducted  prior  to  the  MAT  program  and 
in  the  MAT  program  tests,  this  post  test  analysis  was  performed  and  the  re¬ 
sults  were  tabulated  and  plotted. 
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5.0  TEST  DATA  HIGHLIGHTS 


During  the  course  of  this  experimental  investigation,  a  con¬ 
siderable  body  of  data  were  obtained  on  the  sharp  and  blunt  7°  cone  and 
two  bicone  configurations  (i.e.,  10.5°/7°  and  14°/7°).  The  latter  test 
series  focused  on  the  acquisition  of  data  in  the  slice  and  flap  regions. 
Body  surface  and  shock  layer  profile  data  were  obtained  for  laminar  and 
turbulent  flow  conditions.  To  promote  turbulence  on  the  model  for  the 
Mach  8  conditions  with  the  *  0.5"  nose,  boundary  layer  trips  were 
used.  Some  highlights  of  the  trip  investigation  results  will  be  pre¬ 
sented  here.  In  addition,  two  of  the  primary  contributions  provided 
in  the  last  test  series  sponsored  by  the  MAT  program  were  the  a  -  20° 
sliced  bicone  data  and  the  flap  data.  Consequently,  highlights  of  these 
results  also  will  be  presented  here. 

5.1  Boundary  Layer  Trip  Effectiveness 

Boundary  layer  trips  were  required  in  order  to  promote  a  tur¬ 
bulent  boundary  layer  for  the  configuration  with  a  nose  radius  of  0.50 
inches.  Shown  in  Figure  31  is  the  axial  distribution  of  surface  heat 
transfer  obtained  at  Mach  8  and  a  *  0°  on  the  blunted  10.5°/7°  bicone 
for  three  trip  geometries.  Also  shown  is  a  turbulent  boundary  layer 
prediction  obtained  with  the  finite  difference  boundary  layer  code  of 
Reference  20.  It  is  evident  from  this  figure  that  the  flow  remains 
laminar  with  the  13  mil  trip,  is  transitional  on  the  10.5°  forecone 
for  the  33  mil  trip  and  is  turbulent  at  the  roughness  site  with  the 
60  mil  trip.  It  should  be  noted  that  the  data  shown  here  were  obtained 
at  a  model  wall  temperature  of  560°R.  It  was  found  (although  not  shown 
here)  that  the  boundary  layer  profile  obtained  st  the  reference  survey 
station  at  a  =  0°  and  at  an  equilibrium  wall  temperature  of  nominally 
1100°R  was  laminar-transitional  when  the  33  mil  trip  was  used  and 
turbulent  for  the  60  mil  trip.  Consequently,  these  data  indicate 
that  boundary  layer  trip  effectiveness  is  dependent  on  the  wall 
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Figure  31,  Boundary  Layer  Trip  Effect  on  10,5V7°  Bicone  Surface  Heat 
TRANSFER  AT  QL  «  0° 


temperature.  Boundary  layer  trip  effectiveness  at  angle  of  attack  was 
also  investigated.  Shown  in  Figure  32  is  the  distribution  of  surface 
heating  on  the  0°  and  180°  meridional  ray  at  a  *  0,  4°,  10°,  and  20° 
for  an  axial  model  station  22  inches  downstream  of  the  stagnation 
point  (i.e.,  just  upstream  of  the  slice).  One  will  note  that  at 
this  station  the  flow  on  the  wind  and  leeward  sides  at  a  =  20°  is 
turbulent  with  the  13  mil  trip,  and  is  transitional  for  the  smaller 
values  of  a. 

Complete  axial  heating  distributions  obtained  at  roll  angles 
from  0  to  lo0°  at  a  =  10°  for  the  13  mil  and  33  mil  trip  are  shown  in 
Figures  33  and  34,  respectively.  The  comparable  set  obtained  at  a  = 
20°  is  shown  in  Figures  35  and  36.  These  data  corroborate  the  results 
shown  in  Figure  32;  namely,  that  the  13  mil  trip  is  ineffective  at  a  = 
10°  and  is  quite  effective  in  promoting  turbulent  cold  wall  heating  at 
a  «  20°. 


From  these  data,  and  the  associated  shock  (boundary)  layer 
profile  data  it  was  decided  that  the  33  mil  trip  would  be  used  for  the 
heat  transfer  tests,  the  60  mil  trip  for  the  shock  layer  survey  tests 
at  a  <  10°  and  also  the  leeside  at  a  =  20°,  and  the  33  mil  trip  for  the 
a  =  20°  windward  side  profile  test:  The  concern  at  a  =  20°  (windward) 
was  that  with  the  thinned  boundary  layer  the  larger  trip  would  affect  the 
outer  inviscid  flow,  consequently,  the  smallest  trip  required  to  promote 
turbulence  was  used. 

5.2  Limited  Data  Trends  and  Highlights 


As  i/.Jicate'1  aarlier,  the  most  significant  contribution  of 
the  MAT  program  sponsored  tests  to  the  earlier  series  conducted  at 
AEDC  on  these  cones  and  bicones  was  to  obtain  data  on  the  10.5°/7° 
bicone  at  a  -  20°  and  to  obtain  data  with  the  inclusion  of  the  flap 
system.  In  addition  to  the  surface  heating,  pressure,  and  shear 
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Figure  34.  Axial  Heating  Distribution  for  Several  Meridional  Rays 
10,5°/7°  Bicone  with  33  mil  Trip  at  CX=  10° 
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Figure  36,  Axial  Heating  Distribution  for  Several  Meridional  Rays 
10,5V7°  Bicone  with  33  mil  Trip  at  OL  =  20° 


(Preston  tube)  measurements,  shock  layer  survey  tests  were  obtained 
for  turbulent  boundary  layer  flow  conditions  primarily  in  the  slice/ 
flap  region.  Shown  in  the  schematic  of  Figure  37  are  the  nominal 
locations  where  shock  layer  surveys  were  obtained.  The  exact  locations 
may  be  found  in  the  tables  presented  in  Section  3.  From  this  array 
one  can  obtain  a  representative  measure  of  the  flow  field  properties 
in  this  slice/flap  region  along  with  a  reference  profile,  wind  and 
le^,  on  the  7°  cone  surface.  Shown  in  Figure  38  is  a  representative 
shock  layer  survey  data  set  on  the  cone/0°slice/-7°slice  that  would  be 
available  for  comparison  with  the  detailed  computer  codes.  This  par¬ 
ticular  set  is  for  Mach  8,  a  =  0°.  A  representative  set  of  flap  shock 
layer  profiles  (at  station  17,  Figure  37)  is  shown  in  Figure  39,  also 
for  a  =  0°.  The  reader  is  referred  to  Section  3.4  for  a  complete  sum¬ 
mary  listing  of  the  data  obtained. 

The  angle  of  attack  variation  of  the  slice  centerline  pressure 
distribution  for  the  blunted  10.5°/7°  bicone  is  shown  in  Figure  40.  Tiie 
complementary  flap  centerline  pressure  distribition  is  shown  in  Figure  41. 
Also  shown  in  Figure  41  is  the  pressure  distribution  on  the  flap  for  the 
sharp  (Rn  =  0)  10.5°/7°  bicone.  It  is  evident  from  this  figure  that  the 
flap  effectiveness  for  the  blunt  configuration  is  reduced  due  to  vortical 
(entropy  swallowing)  flow  effects.  In  addition,  the  pressure  distribution 
(near  )  for  the  split  flap  (6  =  20°/10°)  is  also  shown  in  Figure  41  as 
the  filled  symbols.  The  20°  split  flap  pressure  is  nominally  the  same  as 
for  the  20°  continuous  flap.  F  wever,  due  to  spill-over  effects,  the 
pressure  on  the  adjacent  10°  split  flap  section  is  higher  than  that  for 
the  10°  continuous  flap.  Thus  the  rolling  moment  produced  by  the  split 
flap  configuration  would  be  smaller  than  that  determined  from  the  con¬ 
tinuous  20°  and  10°  flap  data.  It  should  be  noted  that  since  the  flap 
is  split  on  the  model  centerline  the  split  flap  pressures  shown  are  at 
the  offset  stations  noted  in  Figure  41.  The  chord  and  spanwise  pressure 
distribution  for  the  10°  continuous  flap  at  a  =  0,  4°,  and  10°,  for  the 
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Representative  Flap  Shock  Laver  Profiles  on  the  10.5°/7°  Bicone 


Centerline  Pressure  Distribution 


Figure  41,  Slice/Flap  Centerline  Pressure  Distribution  for  the 
0.50"  Blunted  10. 577°  Bicone  atOT=  0° 


blunted  10.5°/7°  bicone  is  shown  in  Figure  42.  It  is  evident  from  this 
figure  that  at  a  -  10°  one  observes  a  drop-off  in  pressure  near  the  flap 
edge  which  is  not  present  for  a  <_ 4°. 

In  addition  to  the  pressure  distributions  recorded,  the  slice 
region  centerline  heating  distribution  for  the  blunted  10.5°/7°  configura¬ 
tion  is  shown  in  Figure  43,  while  Figure  44  depicts  the  slice/flap  heating. 
Again,  also  shown  in  Figure  44  is  the  heating  on  the  flap  for  the  sharp  bi¬ 
cone.  One  notes  that  the  flap  heating,  like  the  pressure,  is  higher  for 
the  sharp  bicone  due  to  the  absence  of  vortical  flow  effects.  The  varia¬ 
tion  of  the  chord  and  spanwise  heating  distribution  on  the  10°  flap  with 
angle  of  attack  is  shown  in  Figure  45.  The  heating  is  slightly  higher 
near  the  flap  edges  jyj/S  -*1  due  to  the  boundary  layer  thinning. 

A  sample  of  the  surface  shear  data,  in  terms  of  the  skin  fric¬ 
tion  coefficient,  as  deduced  from  the  Preston  tube  measure¬ 

ments  is  shown  in  Figure  46  for  the  slice  region  centerline  (vs.  a)  and 
for  the  flap  centerline  (vs.  5).  The  variation  with  a  at  the  frustum 
and  forward  slice  station  is  shown  in  Figure  47.  These  data  she jld  be 
useful  in  evaluating  the  3D  PNS  codes  ability  to  handle  local  three 
dimensionality  associated  with  the  slice  and  flap. 

The  limited  data  presentation  shown  here  does  not  do  justice 
to  the  rather  extensive  data  base  acquired;  rather  it  serves  to  demon¬ 
strate  the  type  of  data  acquired.  In  the  following  section  some  few 
examples  of  computer  code  comparisons  with  select  sets  of  these  data 
will  be  presented  as  illustrations  of  the  utility  of  the  data  to  vali¬ 
date  computer  code  prediction  ability. 
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Figure  46.  Surface  Shear  Distribution  in  the  Slice  Region  of  the  Blunted 
10,5°/7°  Bicone  iso. 
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6.0  DATA  USAGE  FOR  TECHNIQUE  VALIDATION 


As  mentioned  earlier,  one  (if  not  the)  primary  reason  for 
acquiring  this  rather  large  body  of  data  on  a  current  MaRV  type  con¬ 
figuration  is  for  the  validation  of  complex  computer  codes.  Com¬ 
parisons  of  prediction  capability  with  discrete  sets  of  experimental 
data  are  generally  performed  and  judgments  made  relative  to  code  pre¬ 
diction  accuracy.  Quite  often,  for  example,  one  is  able  to  adequately 
predict  surface  pressure  distributions  but  not  static  forces  and  moments. 
Or,  one  can  predict  the  laminar  heating  rate  quite  well  but  not  the  tur¬ 
bulent  heating  levels.  The  current  set  of  data  provides  one  consistent 
base  for  comparing  static  loads,  surface  pressure,  laminar  and  turbu¬ 
lent  heating,  viscous  shear  forces,  and  detailed  properties  in  the  shock 
layer.  Sufficient  diagnostic  data  are  available  to  establish  the  potential 
cause(s)  of  an  apparent  prediction  discrepancy  if  total  agreement  is  not 
achieved.  In  this  section,  several  discrete  comparisons  of  code  predic¬ 
tion  with  data  will  be  shown  as  illustrative  examples  of  the  data  usage. 

6.1  Wall  Temperature  Considerations 

Oue  to  the  manner  in  which  the  data  are  obtained  in  the  AEDC 
Tunnels  B  and  C,  the  model  wall  temperature  will  vary  for  the  different 
data  types.  This  has  been  discussed  in  detail  in  Section  3.  In  general, 
the  model  wall  temperature  is  initially  at  ambient  room  temperature 
(~540°R).  Oue  to  aerodynamic  heating  the  wall  temperature  varies  (in¬ 
creases)  with  the  length  of  time  in  the  tunnel  flow.  Thus  the  Gardon 
gage  heat  transfer  data,  which  are  obtained  in  1-6  seconds  after  ex¬ 
posure  to  the  flow,  will  have  a  wall  temperature  close  to  ambient. 

At  the  other  extreme,  the  shock  layer  survey  data  are  obtained  after 
the  model  has  achieved  an  equilbrium  wall  temperature*,  that  is,  a 
temperature  close  to  the  adiabatic  wall  value  where  the  convective 
heating  to  the  model  is  balanced  by  the  radiative  looses  to  the  tunnel 
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walls.  The  static  force  and  moment  data  are  generally  obtained  after 
several  seconds  of  exposure  to  tunnel  flow  -  long  enough  to  run  through 
an  angle  of  attack  sweep.  Thus  the  model  is  close  to  the  ambient  value. 
However,  one  finds  that  the  static  forces  are  not  very  sensitive  to  the 
specific  wall  temperature  value.  That  is,  the  normal  force  and  static 
moment  coefficient  are  primarily  dominated  by  the  inviscid  pressure 
field  and  therefore  wall  temperature  effects  are  not  pertinent.  The 
axial  force  -  specifically  the  viscous  component  (which  comprises  ap¬ 
proximately  10'»  of  the  total  forebody  axial  force  at  a  »  0°  and  di¬ 
minishes  with  increasing  a)  is  only  weakly  dependent  on  the  wall  tem¬ 
perature.  Consequently,  the  total  axial  force,  to  all  intents  and 
purposes,  is  independent  of  wall  temperature. 

Model  surface  pressure  measurements  are  a  combination  of  the 
inviscid  and  viscous  induced  pressure.  The  latter  is  weakly  dependent 
on  wall  temperature.  Since  the  viscous  induced  increment  accounts  for 
less  than  5%  of  the  local  static  pressure,  the  wall  pressure  is  also 
independent  of  wall  temperature. 

Thus  if  one  wishes  to  generate  computer  code  predictions  and 
comparisons  to  a  set  of  data  for  a  prescribed  configuration,  two  runs 
must  be  made;  one  at  the  cold  wall  ambient  temperature  condition  os¬ 
tensibly  for  heat  transfer  comparison,  and  one  at  the  hot  wall  equili¬ 
brium  wall  temperature  condition  for  comparisons  with  the  profile  (in¬ 
cluding  the  Preston  tube-wall  shear)  data.  Force  and  moment  and  wall 
pressure  comparisons  can  be  established  from  either  run. 

6.2  Representative  Comparisons  of 
Theories  with  Data 

6.2.1  Static  Force  and  Moment 

Comparisons  of  computer  code  predictions  with  the  data  from 
the  current  test  series  have  been  made  with  the  inviscid  codes  of 


References  21,  22,  and  23  and  with  the  PNS  code  of  Reference  24.  Shown 
in  Figures  48  and  49  are  comparisons  of  the  normal  force  coefficient, 

CN,  and  pitching  moment  coefficient,  Cm  for  the  blunted  7°  cone  and 
14°/7°  bicone  predicted  with  the  inviscid  codes  of  References  21-23 
and  the  data  from  the  current  test  series.  One  will  note  that  the 
30  inviscid  code  predictions  of  References  21,  22  are  in  excellent 
agreement  with  the  data  for  a  as  high  as  14°.  It  should  be  noted 
that  although  the  flow  is  separated  on  the  leeside  for  a  >  7°,  the 
predicted  coefficients  agree  well  with  the  data.  It  will  be  shown 
later  that  the  leeside  pressures  are  poorly  predicted  with  the  in¬ 
viscid  code  when  separation  is  present  (as  they  should  be);  however, 
since  the  static  loads  are  dominated  in  hypersonic  flow  by  the  wind¬ 
ward  surface  pressures, the  good  agreement  will  be  shown  to  be  a  con¬ 
sequence  of  good  windward  surface  pressure  predictions. 

Helliwell,  et  al^24^  have  generated  several  comparisons  of 
their  version  of  a  parabolized  Navier  Stokes  (PNS)  code  (called  HYTAC) 
with  the  data  from  the  current  tests.  Shown  in  Figure  50  are  compari¬ 
sons  of  HYTAC  with  14°/7°  sliced  bicone  (without  a  flap)  laminar  flow 
j  data  taken  at  Mach  10  (see  Section  3.3).  One  notes  that  up  to  a  =  10° 

i  agreement  is  excellent.  To  generate  these  comparisons  one  need  only 

*;  set  up  the  geometry,  free  stream  conditions  and  vary  a. 

I 

i 

|  6.2.2  Surface  Static  Pressure 

i 

Comparisons  of  data  from  the  current  test  series  were  made 
1  with  the  PNS  codes  of  References  24  and  25  and  with  the  inviscid  code 

of  References  21  &  22.  Shown  in  Figures  51  and  52  are  comparisons  made 
,  with  the  PNS  codes  of  References  24  and  25,  with  the  surface  pressure 

data  obtained  at  the  Mach  8  condition  on  the  10.5°/7°  bicone  with  a 
-  double  windward  slice  and  single  leeward  slice  at  a  =  0°  and  10°, 

respectively.  At  a  -  0°,  the  agreement  between  theory  and  data  on 
the  conic  surfaces  is  quite  good;  however,  code  improvements  are  needed 
in  the  slice  region  to  affect  better  agreement.  It  is  in  this  context 
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Force  and  Moment  Coefficients  for  th 


Figure  49,  Force  and  Moment  Coefficients  for  the  0,5"R  Blunted  1477°  Bicone 


Figure  51.  Longitudinal  Pressure  Distribution  on  the  Blunted  10.5V7 
Bicone  at  Oi  =  0° 


AXIAL  01 STANCE,  INCHES 

Longitudinal  Pressure  Distribution  on  the  Blunted  10,577° 
B i cone  at  Of*  10° 


that  the  complementary  profile  data  are  useful  in  providing  another  diag¬ 
nostic  for  establishing  the  time  cause  of  the  numerical  difficulty.  At 
a  =  10°  (Figure  52),  one  notes  that  the  HYTAC  code  agrees  well  with  the 
data  on  the  conic  surface  where  as  the  AFWAL  code  tends  to  overpredict 
the  aft  cone  pressure  on  the  windward  side  and  underpredict  on  the  lee¬ 
ward  side.  Fair  agreement  in  the  slice  region  is  evident.  Subsequent 
to  these  comparisons  being  made,  improvements  to  the  AFWAL  code  were 
made  (in  terms  step  si2e  determination  and  numerical  damping)  and  al¬ 
though  not  shown  here,  better  agreement  was  achieved  at  a  =  10°. 

In  the  test  series  defined  in  Section  3.4,  data  were  obtained 
on  the  10.5°/7°  bicone  with  the  flap  system  installed.  Data  were  taken 
at  Mach  8  (turbulent  flow)  at  a  -  0°  with  flap  deflection  angle,  6  =  -7° 
(no  flap)  and  for  <5  -  10°  and  20°,  and  at  a  =  10°  for  6  *  -7°  and  6  =  10°. 
Shown  ir.  Figures  53  and  54  are  comparisons  of  the  AFWAL  PNS  code  predic¬ 
tion  (Reference  25)  with  the  measured  surface  pressure  data.  At  the  time 
these  predictions  were  made,  difficulties  were  being  encountered  with  the 
PUS  code  predictions  associated  with  the  marching  step  size.  Shown  in 
Figure  53  are  predictions  for  two  values  of  step  size,  DX.  One  notes 
that  although  better  agreement  is  shown  for  DX  =  0.10  than  0.05,  numerical 
instabilities  are  encountered  for  6  =  20°  case.  Again  the  associated  flow 

field  survey  data  (shown  in  Section  6.2.4)  are  extremely  useful  in  re¬ 
solving  this  difficulty.  At  a  *  10°,  the  numerical  solutions  did  not 
have  this  sensitivity  and  one  notes  that  relatively  good  agreement 
was  achieved. 

In  addition  to  the  surface  pressure  comparisons  made  with 
the  PNS  codes,  data  comparisons  were  also  made  with  the  3D  inviscid 
code  of  References  21,  22.  Shown  in  Figures  55  and  56  are  axial  and 
peripheral  surface  pressure  distribution  comparisons  of  the  inviscid 
code  prediction  with  the  Mach  8  data  for  the  blunted  (0.5"  R^}  10.5°/?° 
bicone  at  a  =  10°.  The  agreement  of  theory  with  data  is  excellent  on 
the  windward  surface,  however,  agreement  for  $  >  90°  is  rather  poor 
(as  one  would  expect  from  an  inviscid  technique).  Since  the  pressure 
on  the  windward  surface  is  more  than  an  order  of  magnitude  greater 
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than  the  leeside  pressure,  one  finds  than  the  static  loads  are  unaf¬ 
fected  by  this  poor  leeside  match.  A  word  of  caution  here  is  that  as 
decreases,  the  stability  at  a  is  more  sensitive  to  the  leeside  pres¬ 
sure  because  it  is  of  the  same  magnitude  as  the  windward  pressure.  Con¬ 
sequently  one  must  model  the  separated  flow  on  the  leeside  for  good  sta¬ 
bility  agreement.  In  this  flow  domain,  prediction  techniques  such  as 
the  aforementioned  PNS  codes  would  be  required. 

6.2.3  Surface  Heat  Transfer 

Heat  transfer  data  wore  obtained  for  each  of  the  configurations 
considered  in  this  investigation.  Data  were  obtained  for  laminar  and 
turbulent  flew  conditions  where  boundary  layer  trips  were  required  to 
promote  turbulence  on  the  blunted  configurations.  As  mentioned  earlier 
(see  Section  2.2.4),  considerable  effort  was  expended  to  evaluate  the 
minimum  trip  size  required  to  promote  turbulence  In  the  forecone  region. 
The  objective  was  to  affect  the  flow  in  the  boundary  layer  vet  have 
minimal  effect  en  the  shock  layer  flow. 

Many  comparisons  have  been  made  of  theory  with  the  current 
data,  a  limited  quantity  of  which  will  be  presented  here.  The  ob¬ 
jective  of  the  few  comparisons  that  will  be  shown  is  to  demonstrate 
the  quality  of  the  data  and  to  demonstrate  that  the  trips  did  in¬ 
deed  promote  turbulence.  These  data  in  concert  with  shock  layer 
survey  comparisons  will  demonstrate  that  the  trips  have  minimal 
effects  on  the  shock  layer  flow. 

A  comparison  of  the  measured  axial  distribution  of  laminar 
surface  heat  transfer  for  the  0.5"  R  blunted  14°/7°  bicone  at  a  ■  10° 
with  the  PNS  prediction  of  Reference  24  is  shown  in  Figure  57.  An 
equivalent  comparison  for  turbulent  flow  on  the  0.5"  R  blunted  10.5°/7° 
bicone  is  shown  in  Figure  58,  It  was  shown  (e.g.,  Reference  24  and 
Figure  52)  that  the  surface  pressure  predicted  by  the  code  is  in  ex¬ 
cellent  agreement  with  the  data,  and  it  is  evident  from  Figure  57  that 


Axial  Distribution  of  the  Laminar  heat  Transfer  Results 
for  the  Blunted  14 °/7°  Bicone  at  (X  =  10° 


Figure  58.  Axial  Distribution  of  the  Turbulent  Heat  Transfer  on 
the  Blunted  1Q.5V7°  Bicone  at  10° 


the  laminar  heating  is  in  excellent  agreement  with  the  data.  In  the 
turbulent  flow  case,  the  agreement  is  considered  poor.  Shown  in  Figure 
58  are  turbulent  flow  predictions  for  two  turbulence  models;  one  which 
is  a  mean  eddy  viscosity  model  and  the  second  which  is  a  one  equation 
turbulent  energy  model.  The  reader  is  referred  to  Reference  24  for  the 
definitions  of  these  models.  It  is  clear  that  neither  of  these  formu¬ 
lations  provides  good  agreement  with  the  data. 

Under  HAT  program  auspices  the  coupling  of  a  3D  momentum 
integral  boundary  layer  code  {3DMEIT  -  Reference  26)  was  coupled  to 
the  inviscid  code  of  Reference  21  and  22.  Shown  in  Figure  59  is  a 
comparison  of  the  surface  heat  transfer  predicted  by  3DMEIT  with  the 
same  data  shown  in  Figure  58  (i.e.,  the  0.5"  R  blunted  10.5°/7°  bicone). 
One  notes  that  the  agreement  between  theory  and  data  is  excellent,  even 
on  the  leeside  where  the  flow  is  separated.  It  is  important  to  note 
that  the  heating  prediction  on  the  leeside  follows  on  a  one-to-one 
basis  the  variation  of  the  surface  pressures  predicted  by  the  inviscid 
code  (see  Figure  55).  A .comparison  of  the  peripheral  distribution  of 
turbulent  heating  predicted  by  3DMEIT  with  the  Mach  8  turbulent  data  is 
shown  in  Figure  60.  Agreement  is  considered  quite  good. 

6.2.4  Shock  Layer  Surveys 

Considerable  wind  tunnel  test  time  was  expended  in  acquiring 
the  shock  layer  survey  data  on  the  conic  and  biconic  configurations, 
including  the  slice  and  flap  regions.  Comparisons  of  theory  with  data 
were  made  with  the  inviscid  codes  of  References  21,  22,  and  23,  and 
with  the  PNS  codes  of  References  24  and  25.  Shown  in  Figure  61  are 
comparisons  of  the  predicted  Pitot  pressure  profile  with  the  Mach  6 
data  for  the  blunted  14°/7°  bicone  at  a  ■  0°.  One  will  note  that  the 
more  exact  flow  field  code  (References  21,  22)  agrees  well  with  the 
data  in  the  inviscid  part  of  the  shock  layer  (i.e.,  7.^  >  .2")  at  both 
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Figure  60,  Peripheral  Distribution  of  the  3DMEIT  Predicted  Turbulent  Heat 
Transfer  for  the  10,5°/7°  Blunted  Bicone  at  <y  =  10° 


gure  61.  Comparison  of  the  Pito 
for  the  m°/7°  Blunted 


stations.  The  approximate  method  of  Reference  23  provides  good  agree¬ 
ment  at  the  forward  station  (x  =  9.286"),  which  is  nominally  one  inch 
downstream  of  the  bicone  juncture,  however,  underpredicts  the  pressure 
for  0.2  <  Z  <  1.  This  was  attributed  to  a  grid  resolution  problem 
associated  with  the  thick  shock  layer  at  this  station. 

Shown  in  Figures  62  through  64  are  comparisons  of  the  PNS 
code  of  Reference  25  with  data  for  the  blunted  7°  cone  obtained  at 
Mach  8  at  a  =  10°.  The  agreement  between  theory  and  data  is  fair  on 
the  windward  side,  more  so  in  theouter  parts  of  the  shock  layer  than 
near  the  wall.  The  thermal  boundary  layer  thickness  is  approximately 
20  percent  of  the  total  shock  layer  thickness  at  both  stations.  The 
leeside  prediction  shown  in  Figure  64  is  not  in  good  agreement  with 
the  data.  The  predictions  indicate  a  thick  viscous  layer  with  a  gra¬ 
dient  structure  markedly  different  from  that  in  the  windward  plane. 
However,  the  gradients  predicted  are  not  nearly  as  large  as  those 
exhibited  by  the  data.  The  utility  of  the  data  here  is  not  only  to 
point  out  the  prediction  deficiency  but  also  to  provide  sufficient 
Quantitative  information  to  deduce  why  the  prediction  deficiency  exists. 
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Figure  64.  Comparison  of  Predicted  Shock  Layer  Profiles  with 
Leeward  Ray  Data  for  the  Blunted  7°  Cone  at 
a  -  10°  (x  *  34,4") 
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APPENDIX  A 


DATA  REDUCTION  AND  REPRESENTATIVE  TABULAR  AND  GRAPHICAL  PRESENTATIONS 

The  material  contained  In  this  appendix  was  excerpted  from  several 
ALOC  TSRfi  and  Is  Included  here  for  completeness, 


A.i  Test  Condition* 


f-reestream  test  conditions  war®  evaluated  using  the  assumption  of 
a  rial  gas  Uantreph.  expansion  t'ram  the  stilling  chamber  to  the  test  sec¬ 
tion,  The  test  conditions  printed  at  the  top  of  each  page  of  tabulated  data 
am  mean  values  and  were  computod  using  the  average  stilting  chamber  pm« 
sure  and  tempura tu re,  However,  the  values  of  freest mam  test  conditions 
used  !.u  iwrwallae  the  data  were  computed  from  stilling  chamber  f.uwlitinns 
which  were  reumlud  at  the  same  tlm#  as  the  data, 

A,  Ji  MiPfAW  J.raiisffir.  ffa(}  sprain, ft, tf 

the  high  sensitivity  Da Non  qaqns  used  to  oh'ain  *he  heal  transfer 
data  are  iMreei,  read  Inn  heat  flux  tsanNdteri,  whose  vnHap  %  nmv  Iw 
tnnverletl  lu  healing  rale  by  wans  uf  «  U»lmr#t»pv*«bl.ain»id  stair  tenlur, 
the  heal  transfer  tnefl'li  lenu  wine  tAhulalwl  using  the  mwtmiml  bust  flu* 
(IJIH)I),  ihe  measuiwl  gage  surfm*  trmperaiure  (VhAilUt  And  Ihw  hninwl  nllll 
lug  vhamhvi  l empera turn  lib),  IN  h«»i  transfer  nu>ffh,  Upu  w**1  @  u  Might  IN 
using i 

“  ni^ikr  '  rT*#tff-«R  {li  1 

I  he  >UU  wet »  i  e,lti>  ed  fimi  line  mm  tinted  , (Hidings  ithlalnwd  si  apniustmaltsly 
\  ft  stun  mix  atiei  thu  «au|«l  rea,  he,t  the  htnnBi  >  *iiivi  1  hi* 


i  f>t 


Stanton  number  values  were  computed  as  follows: 


ST  (INF)  -  XRW®ivTHF)'  ‘  (A'2) 

where  t TO  and  IGACit  ars-  air  enthalpy  values  based  on  TO  and  TGAGE, 
respectively. 

An  example  of  a  heat  transfer  data  tabulation  H  shown  in  Table 
A-i  (.1  pages).  The  complementary  graphical  display  of  the  axial  heat 
transfer  distribution  tor  this  same  ease  is  shown  in  figure  A-4.  This 
corraspomia  to  a  laoside  distribution  at  u  *  10°.  A  definition  of  the 
noiiWiintiUUirs  used  in  the  Tables  is  defined  In  the  Tabulated  Data  Key  in 
the  front  of  this  report, 

A,  A  Ngtiii  Surf  fled  I'maur* 


the  pressure  tramuluittps  were  all  laiihratatl  with  a  Known  pros* 
wire  differential  ami  their  pending*  are  twordmi,  A  aero  pressure  t) i f - 
in.nniifti  Is  applied  at  rosu  eat  it  transducer  and  ihe  wn  readings  are 
retmded  from  these  data  i  insar  ns  m!»  far  turn  for  wh  hinsiiitrer  (or 
enft(  iiuup'  are  taicuittied,  Model  surfsoe  pressures  are  lainuUlmt  from 
d !  ffus  «mt  Ml  pressure  readings  using  iise  taiihraied  scale  fm  iur*h  plus  a 
mferenm  pressure  (near  vsnuum)  whith  is  measured  with  an  ahsuiuie  pres 
9>uiw  transdpt  er 

An  esampie  of  a  suifsoe  piesaure  Mho  Mi  ton  is  shown  t h  Uhle  h  f 
ft  pages)  Mm  sou  responding  utapnisai  dispi»N«  of  data  ant  shown  In 
Mpises  A  *,  A  s,  and  A  4  Allhmojh  not  Uhe>-d  in  the  Atilt  data  lnnit> , 

Houses  A  ^  (Page  I)  and  A  t  (Pag*  t  to  i  espmni  so  Use  a«Mt  displays 
tif  iSt'P  foi  Hu>  wHMwaid  (...  ’  ti)  ^mi  MwwatU  f  .  1  M«»“i  sides,  tespsi  lively 
Hsptie  n  4  oieienti  »m  uibmai  dust  ihoMoo»  of  p^.p  at  non  *eMi  .tMtions 
Mis  Hat  huh  -,fi> U  is  ai  e  ,M  *piay«n  am  noUSii-lwil  to  Mb  Alps  data  Punk  Pul 
i  ao  ini  s stv  no ■> l mu  * M  ?M«ii  s!m  >Mi.|  .  iCi.i  ii  too  in».!.s<  ilaltont-  ate  *»  noted 
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Shock  Layer  Surveys 


A. 4 


Surveys  of  the  boundary  layer  and  shock  layer  were  made  at 
several  stations  on  the  body,  generally  in  a  body  normal  mode.  Where  it 
was  not  possible  to  probe  in  a  local  surface  normal  mode,  due  to  hardware 
restrictions,  it  is  so  noted  in  the  AEDC  data  tabulations.  For  the 
majority  of  the  surveys,  the  Pitot,  total  temperature,  and  Preston  tube 
were  loca  ‘d  on  one  probe  head  and  the  Mach/Flow  Angularity  probe  on  a 
separa*  .tolder.  Thus  for  the  multi-probe  head,  the  first  step  in  the 
data  sequence  was  to  obtain  the  surface  shear  -*■  i.e.,  the  Preston  tube 
data.  Once  these  data  were  obtained,  the  probe  holder  was  moved  incre¬ 
mentally  upward  off  of  the  model  surface  and  flow  field  survey  data  were 
obtained. 

A.4.1.  Preston  Tube  Data 


Model  wall  shear  stress  and  the  corresponding  skin  friction  coef¬ 
ficient  were  calculated  using  the  Preston  tube  pressure  relationships  first 
described  by  Preston  (Reforence  13).  The  shear  stress  was  calculated  by 
an  iterative  process,  using  calibration  curve  fits  and  boundary  layer  equa¬ 
tions.  A  flow  chart  defining  the  data  reduction  procedure  is  shown  in 
Figure  A-5. 

The  calioration  coefficients  presented  in  this  figure  are  based  on 
previously  published  results  (References  11,  14,  and  15)  and  data  obtained 
at  AEDC  that  are  yet  to  be  published.  The  calibrations  are  considered  valid 
over  an  RT  and  MT  range  of  5  to  1000  and  0  to  0.15,  respectively.  As  indi¬ 
cated  earlier,  the  shear  stress  and  skin  friction  coefficient  were  calculated 
for  the  first  point  in  a  survey  only,  when  the  Preston  tube  was  flush  against 
the  model  surface. 


19?. 


ft A  J OR  £su  A  Ti  y*S 


Amt.  Mm.  Af 


CC2  *  ft -IBS' 
CCl  =  0-OZ1~4 


'E(o  -  0.2*2;  8.2*2,  -8.112,  0.0024^, 
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NOTE*  FOR  A  DEFINITION  of  THE  NOMENCLATURE  SEE  THE  "TABULATED  DATA 
KEY"  IN  THE  FRONT  OF  THIS  REPORT. 


Figure  A-5,  Preston  Tube  Data  Deduction 
Flow  Chart 


193. 


A.4.2. 


Shock  Layer  Survey  Data 


Probe  locations  within  a  survey  are  presented  as  heights  above 
the  model  surface  measured  along  the  direction  of  the  traverse,  and  co¬ 
ordinate  values  are  given  in  terms  of  the  model  axis  system.  Corrections 
have  been  included  for  the  fact  that  the  Pitot  probe  was  sometimes  slightly 
deflected  at  the  model  surface. 


Mach/Flow-Angularity  probe  pressures  (PI,  P2,  P3,  P4,  P5)  and  the 
Pitot  pressure  (PP)  were  computed  using  the  equilibrium  pressure  prediction 
technique  presented  in  Reference  12.  The  technique  uses  a  mathematical  model 
of  the  pressure  lag/time  history  and  fits  the  pressure  history  with  a  least 
squares  curve  fit  to  predict  equilibrium  pres  ure.  The  basic  assumption  is 
that  the  pressure  measured  at  the  transducer  exponentially  approaches  the 
equilibrium  pressure  at  the  orifice.  It  is  also  assumed  that  the  orifice 
pressure  is  a  constant,  during  the  time  when  the  transient  data  were  recorded. 
Inputs  to  the  curve  fit  routine  are:  (1)  slip  flow  coefficient  and  (2) 
pressure-time  data.  The  data  reduction  equations  for  predicting  equilibrium 
pressure  from  transient  data  as  follows  (from  Reference  12). 


Slip  Flow  Coefficient: 


A  =  1.776  (10-6)  ( 


Mean  tube 


.>/<?£> 


1  temperature' 

Mean  tube  temperature  =  1200°R,  assumed 
Tube  ID  =  0.012  in.,  smallest  diameter 

A  =  0.18  psi,  (only  rough  estimate  required) 


For  these  tests 


Pressure-Time  Data: 


Pi  ~  Transducer  pressure  of  data  point,  i.psia  (computed 
in  same  manner  as  model  surface  pressures) 

ti  -  Time  of  data  point  i,  sec. 
n  ~  Total  number  of  data  points 
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Slope  of  Pres sure -Time  Data: 


dPi 

dt 


Local  slope  = 


^(i+m)  " 
2mAt 


,  psi/sec 


where  M  =  time  between  successive  data  points,  sec 

m  =  integer  smoothing  function  =  1  for  this  test. 


With  the  above  inputs  (A,  Pi,  dPi /dt )  the  following  computations 
are  made  to  evaluate  (or  predict)  the  equilibrium  pressure  (Pe). 


Ci  =  (Pi)2  +  APi 


(A-3) 

(A-4) 

(A-5) 

(A-6) 


The  prediction  technique  fails  whenever  there  is  an  insufficient 
sample  of  transient  data  with  which  to  evaluate  the  constant  K.  In  fact  K 
is  undefined  for  the  case  where  the  pressure.  Pi,  is  constant.  To  alleviate 
this  problem  a  check  was  made,  based  on  the  value  of  K  for  this  test. 

If  0.05  <  K  <  3,  the  predicted  pressure  was  used,  otherwise  the 
final  measured  value  was  used. 
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There  were  a  few  instances  wherein  the  transient  data  were  changing 
so  rapidly  for  this  test  that  the  calculated  value  of  dPi/dt  was  inaccurate 
for  the  first  points  of  the  pressure-time  history.  Whenever  this  happened 
the  initial  transient  data  adversely  affected  the  prediction,  giving  in¬ 
accurate  results.  To  alleviate  the  problem  initial  data  points  were  dropped 
from  the  curve  fit;  one  point  was  dropped  at  a  time  and  Pe  was  recomputed 
and  compared  to  the  last  computed  value.  The  iteration  ended  whenever  the 
change  in  the  predicted  pressure  was  less  than  two  percent,  or  more  than 
four  data  points  were  dropped.  It  should  be  noted  that  the  inaccuracy  in 
dPi/dt  can  be  eliminated  by  taking  data  at  a  faster  rate  or  by  delaying  the 
beginning  of  the  data  record.  For  early  tests  the  data  acquisition  rate  was 
limited  to  0.6  see  per  point,  for  the  majority  of  the  test  program.  Improve¬ 
ments  in  the  data  acquisition  system  permitted  taking  the  same  type  of  data 
at  a  significantly  faster  rate  (up  to  10  points  per  sec)  in  later  tests. 

Figures  A-6  and  A-7  contain  typical  results  from  the  equilibrium 
pressure  prediction  program. 

Local  Mach  number  and  flow  angle  are  computed  from  pressure  PI 
trhough  P5  using  curve-fitted  calibration  data.  Extensive  calibration  data 
have  been  obtained  on  similar  probes  and  these  data  have  been  correlated 
against  the  parameters  DPSQP  and  PAVGP5  which  are  defined  as: 

DPSQP  =  /(P1-P3)2  +  (P2-P4)z/(2  •  P5)  (A-7) 


and 


PAVGP5  =  PAVG/P5  «  (PI  +  P2  +  P3  +  P4)/(4  •  P5)  (A-8) 

For  the  present  tests,  calibration  data  were  obtained  with  the  Mach/Flow- 
Angularity  probe  (identified  as  Probe  #4)  in  the  tunnel  freestream  and  these 
data  were  combined  with  previous  calibrations  obtained  on  a  similar  probe 
at  Mach  number  1.5  through  5.0.  The  combined  data  set  was  curve  fitted  and 
the  curve  fits  were  used  in  the  data  reduction.  The  calibration  data  and 
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the  curve  fits  are  shown  in  Figures  A-8a  and  A-8b  where  the  actual  data  re¬ 
duction  equations  are  as  follows: 


Local  Mach  Number: 


EAK  +  BK(DPSQP)2  +  CK(DPSQP)4] 

MLC  =  e 


5 

(2.HPAVGP5)1] 

where  AK  =• 

r 

z. 

(AM, 

i  =  0 

4 

(i>nPAVGP5)’] 

BK  = 

£ 

[BMi 

i  =  0 

4 

(tnPAVGPS)1] 

CK  = 

Z 

[CM{ 

i  =  0 

Total  Angle  of  Attack: 

AATCA  =  (DPSQP)  [D1  +  D2£n(MLC)  +  03 { An< MLC > ) 2 3 
+  [D4  +  D 5 ( £n ( ML C ) ) 2 )  (DPSQP)06  ,  deg 

Curve  Fit  Coefficients: 

AMO-5  =  3.6474,  10.8249,  12.5254,  5.90988,  1.03548,  0 
BMO-4  »  7.64593,  0,  -16.5279,  0,  8.66794 
CM 0-4  *  -108.870,  0,  182.245,  0,  -37.4971 

D1-D6  =  121.044,  18.6043,  -74.2038,  -37.4837,  58.2593,  0.872233 


Radial  Angle:  (Not  a  Curve  Fit) 


If  PHI  <  0  then  PHI  =  PHI  +  360. 


r 
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Figure  A-6.  Typical  Prediction  Program  Results  (Probe  Pressure) 


***NO?E:  Prediction  gives  mean  value  of  the  equilibrium  pressure, 

these  data  vere  chosen  to  illustrate  the  program* a  ability 
to  use  "ealey*'  data. 


A-7.  Typical  Prediction  Program  Results  (Model  Pressure) 
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Not  all  existing  calibration  data  for  Prcbe  #1  are  included  on 
Figure  A-8a.  A  distinct  difference  in  the  shape  of  the  PAV6P5  vs.  DPSQP 
curves  was  noted  between  the  two  probes,  therefore  all  data  for  total  angle 
of  attack  greater  than  7  degrees  (corresponds  to  DPSQP  >  0.7)  was  omitted  for 
Probe  No,  1,  with  the  exception  of  data  at  Mach  No.  1.5.  This  omission 
forced  the  curve  fit  to  agree  with  Probe  No.  4  calibration  data.  The  re¬ 
sulting  curve  fits  used  to  reduce  the  data  are  considered  to  be  the  best 
possible  based  on  the  available  calibration  data,  but  these  could  be  signi¬ 
ficantly  improved  with  additional  calibration  data  for  the  same  probe  (No.  4). 

Local  total  temperature  was  computed  from  the  shielded  thermocouple 
measured  value  (TOSM)  using  the  method  of  Varner,  Reference  16.  In  this 
method,  the  analysis  is  based  on  the  total  temperature  variation  in  a  laminar 
developing  flow  within  a  tube  whose  walls  are  at  the  adiabatic  recovery 
temperature  of  the  local  flow  field.  This  approach  results  in  the  ability 
to  theoretically  correct  probe  data  for  all  local  flew  field  conditions 
(a  wide  range  of  Reynolds  numbers)  using  a  limited  amount  of  calibration 
data  acquired  in  the  tunnel  freestream.  To  correct  the  measured  temperature, 
the  following  parameters  must  be  defined  experimental ly:  local  Mach  number 
and  Pitot  pressure  in  front  of  the  probe,  the  effective  vent  area  ratio  (AV/AE) 
and  the  local  Mach  number  of  the  flow  entering  the  probe  (ME).  For  this  test, 
the  local  corrected  total  temperatures  were  evaluated  at  the  Mach/Flow-Angul arity 
probe  positions  (TOSC  values)  and  at  the  Pitot  tube  positions  {TOSCP  values) 
by  an  interpolation  scheme.  The  approach  used  was  to  define,  by  linear  inter- 
oolation,  the  local  measured  total  temperature  at  the  probe  height  and  then 
to  correct  the  interpolated  value  using  the  probe  defined  Mach  number  (MIC 
or  MP)  and  the  measured  Pitot  pressure  (eitner  P5  or  PP) .  The  nearest  wall 
temperature  measurement  (TWJ)  was  included  in  the  interpolation  to  define 
a  value  of  uncorrected  temperature  at  zero  height.  The  effective  vent  area 
ratio,  AV/AE  was  determined  from  freestream  calibration  data  to  be  time 
dependent,  decreasing  in  value  as  the  test  progressed,  indicating  that  the 
tube  vent  holes  were  decreasing  in  size.  The  value  used  in  the  data  re¬ 
duction  was: 
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AV/AE  =  0.153  -  0.0005  (SURVEY) 


(A-9) 


The  entrance  Mach  number  was  defined  in  terms  of  the  vent  area  ratio  by  an 
approximate  equation: 

ME  =  0.578(AV/AE)  (A-10) 

which  assumes  that  the  flow  is  sonic  at  the  vent  area  and  AV/AE  is  less  than 
0.5.  Shielded  thermocouple  data  reduction  equations  are  given  in  detail 
in  Reference  4. 


Ideal  compressible  gas  relationships  were  used  in  the  calculation 
of  local  static  temperature  and  pressure  values  and  in  evaluating  the  local 
Mach  number  at  the  Pitot  tube.  The  equations  for  air  (ratio  of  specific 
heats  =  1.4),  are  listed  below: 

a  +  (A-n> 


_p 


(i  +  r-) 


mV7/2 


M  <  1 


(A-12) 


The  first  step  in  using  the  above  equations  was  to  compute  the  static  pres¬ 
sure  at  the  Mach/Flow-Angularity  probe  heights.  To  make  these  calculations, 
the  following  substitutions  were  made  in  Equations  (A-12)  and  (A-13): 

Pt  ~  P5,  Ptg~  P5,  M  -  MLC,  M^  -  MLC.  Static  pressure  at  the  Pitot  probe 
(PSP)  was  defined  by  linear  interpolation  of  the  inferred  static  pressure 
based  on  the  Mach/Flow-Angularity  probe  results  and  the  model  wall  orifice 
pressure  used  to  define  the  static  pressure  at  zero  height.  The  Mach  number 
determined  from  the  Pitot  tube  (MP)  was  then  defined  from  Equations  (A-12) 
and  (A-13)  with  the  substitutions:  p  ~  PSP,  P|  -  PSP,  P^  ~  PP. 
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The  local  static  temperatures  were  computed  using  the  appropriate  local  Mach 
number  for  Equation  (A-ll). 

Local  velocities  were  calculated  from 

VL  =  49.0223  M/T,  ft/ sec  (A-14) 

where  M  and  T  (°R)  are  the  appropriate  local  values  of  Mach  number  and 
static  temperature. 

Velocity  vectors  with  respect  to  the  Mach/Flow-Angularity  probe 
axis  system  were  computed  according  to  the  definitions  given  in  Figure  A-9. 
These  values  were  transformed  to  the  tunnel  axis  system  (Figure  A-10)  by 
rotation  of  the  axes  through  pitch,  yaw  and  roll  angle  sequence  corres¬ 
ponding  to  the  probe  misalignment  angles  defined  as  THETAO,  PSIO  and  PHIO. 
Misalignment  values  in  yaw  and  roll  were  determined  from  the  freestream 
calibration  that  was  obtained  at  the  beginning  of  each  test  shift.  The 
pitch  misalignment  was  evaluated  for  each  survey  by  determining  what  value 
of  THETAO  would  best  null  the  pressure  differential  DP13  on  the  probe  , 
i.e.,  THETAO  value  for  DP13  =  0.0. 

The  freestream  velocity  vectors  were  transformed  to  the  model  axis 
system  by  rotation  of  the  axes  through  pitch  and  roll  respectively,  corres¬ 
ponding  to  the  model  pitch  angle  (ALPHA-MODEL)  and  the  model  roll  angle 
(ROLL-MODEL).  Velocity  vector  definitions  in  the  model  axis  system  are 
noted  in  Figure  A-ll. 

The  quantity  of  tabular  and  graphical  data  involved  in  the  shock 
layer  surveys  is  rather  lengthy,  involving  several  volumes  of  reports  for 
this  test  series.  An  example  of  the  Pitot  and  total  temperature  data  tabu¬ 
lations  is  shown  in  Table  A-3  (11  pages).  Included  in  this  table  (on  Page 
3)  are  the  Preston  tube  data  results  defining  the  wall  shear  and  skin  friction 
coefficient.  A  representative  set  of  graphs  for  these  data  are  shown  in 
Figures  A-12  through  A-15.  Figures  A-12  and  A-13  depict  the  uncorrected  and 
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Noter • 

1.  All  vectors  are  shown  in  positive 
direct  ions  . 

2.  PHI  is  computed  directly  from  the 
pressures 

3.  Local  Mach  number  (MLC)  and  the 
total  angle  of  attack  (AATCA)  are 
computed  from  curve  fits 

4.  Velocity  vector  components: 

~  -  cos  (AATCA) 

VP 

^  -  sin  (AATCA)* si n(PHI) 

vp 

-  sin  (AATCA).  cos  (PHI) 


View  A-A 

(Probe  not  shown) 


Figure  A-9.  Velocity  Vector  Definition  with  Respect  to  the 
Probe  Axis  System 
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Figure  A-10.  Velocity  Vector  Definition  with  Respect  to  the 
Tunnel  Axis  System 
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VOTES ( 


1.  Positive  direction  of  velocity  vectors 
•re  shown. 

2 »  See  Fig.  A-10  for  definitions  of  velocity 
Vector  component®  in  the  tunnel  axis 
system,  (i.s.  VT/v i.  VT/VL,  wf/vl) 

3#  Velocity  vector  components: 


k-S)- 

k:W(- 

W- 


CO 6 (ALPHA-MODEL)  -/^.sin  (ALPHA-MODEL) 


sin  (ROLL-MODEL)  .sin  (ALPHA-MODEL)"^ 


COS (ROLL-MODEL)  -sin (ROLL-MODEL) 

.COS (ALPHA-MODEL^ 


k-(*)( 

•fe) 


cos (ROLL-MODEL) . sin (ALPHA-MODEL)] 

i  ' 

Lsin(ROLL-MODEL) 


+(^l)(C0S  <*°IL-M0DEL)  •  cos  (ALPHA-MODEL)) 


k 


Velocity  Vector  Definition  with  Respect  to  the 
Model  Axis  System 
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mvs*  Figure  A-14,  Shock  Layer  Pi 
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(Reynolds  number)  corrected  total  temperature  profiles,  respectively. 

Figures  A- 14  and  A-15  are  the  Pitot  pressure  profiles  normalized  by  the 
local  wall  static  pressure,  P,  (Figure  A-14)  and  by  the  freestream  Pitot 
pressure,  PT2  (Figure  A-15). 

Boundary  layer  type  analyses  were  performed  using  these  data  and 
the  assumption  that  the  static  pressure  in  the  shock  layer  was  constant  and 
equal  to  the  local  wall  static  pressure.  Thus  with  the  static  pressure 
assumed  and  the  local  values  of  PT2  and  TT,  local  state  variables  in  the 
shock  layer  were  defined  including  local  values  of  the  viscous  layer  thick- 
nesses.  Note,  the  assumption  of  constant  static  pressure  is  incorrect  out¬ 
side  of  the  boundary  layer  and  consequently  the  local  derived  properties  in 
the  "inviscid"  flow  are  not  valid.  The  reader  is  referred  to  Section  4  of 
the  report  for  a  discussion  of  this.  Nevertheless,  Table  A-4  (4  pages)  de¬ 
fines  the  derived  local  properties  for  the  same  data  group  defined  in  Table 
A-3.  Figures  A-16  through  A-18  graphically  define  the  derived  local  oroperties. 
One  notes  from  Figure  A-16  that  the  freestream  Mach  number  (noted  by  the 
several  data  points  at  ZP  >  2.3) is  ~  0.75  of  the  boundary  layer  edge  Mach 
number,  clearly  incorrect. 

The  Mach/Flow-Angularity  data  tabulations  for  a  given  data  group 
are  contained  in  two  tables  sets.  Table  A-5  (9  pages)  and  Table  A-6  (2  pages). 
Table  A-5  defines  the  measured  data  while  Table  A-6  presents  the  computed 
flow  direction  results.  The  corresponding  graphical  presentation  of  these 
data  are  shown  in  Figure  A-19  for  the  raw  data  and  Figure  A-20  for 
the  derived  properties. 

A. 5  Static  Force  Data 


The  force  and  moment  measurements  were  reduced  to  coefficient 
form  using  digitally  filtered  data  points  and  correcting  for  first  and  second 
order  balance  interaction  effects.  The  coefficients  were  also  corrected  for 
model  tare  weight  and  balance-sting  deflections.  Model  attitude  and  tunnel 
stilling  chamber  pressure  were  calculated  from  digitally  filtered  values. 
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Figure  A-19.  P!ach/Flow-Angularity  Probe  Pressure  Eata 


The  aerodynamic  force  and  moment  coefficients  are  presented  in 
the  body  and  wind  axes.  The  wind  axes  lift  and  drag  coefficients  {€LW  and 
CDW,  respectively}  were  calculated  using  the  forebody  axial-force  coefficient 
(CA).  The  wind  axes  pitching-  and  rolling-moment  coefficients  (CLMW  and 
CLLW,  respectively)  were  calculated  using  the  forebody  pitching-moment 
coefficient  (CLMF).  Pitching-  and  yawing-moment  coefficients  are  referenced 
to  the  virtual  model  nose.  ; iconic  virtual  model  length  (LM)  and  unsliced 
base  area  (A)  were  used  as  the  reference  length  and  area  for  the  aerodynamic 
coefficients.  Total  axial -force  coefficients  (CAT)  were  corrected  for  base 
axial-force  effects. 

Pitching  and  yawing  moment  coefficients  are  referenced  to  the 
model  base.  Model  base  diameter  *'9.823  inches)  and  base  area  (75.784  inches2) 
were  used  as  the  reference  length  and  area  for  the  model  aerodynamic  coef¬ 
ficients. 


Representative  tabular  data  for  a  static  force  a  sweep  is  shown  in 
Table  A-7  (4  pages). 
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